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Brichta, Paul H., M.S. December 1987 Environmental Studies
Environmental Relationships Among Wetland Community Types of the Northern Range, Yellowstone 
National Park (74 p.)
Director; Paul L. Hansen
Proper management of wetlands has been hindered by a lack of understanding of different wetland types, 
and how these types differ. This study examined the causes of spatial variations among wetland plant 
communities.
Twenty-one wetland community types were studied at 180 plots in the northern range of the northern elk 
herd in Yellowstone National Park. Wetland environments were described in terms of geographical setting, 
soil pH, texture, thickness of organic surface horizon, temperature, taxonomy at family level, depths to 
gleying, confining layers and water table levels, soil water pH, conductivity, and dissolved oxygen 
concentrations.
Spatial distribution of wetland community types of the northern range is primarily related to depth of 
and variations in water tables, depth of surface organic soil horizons, depth to gleying and restricting layers, 
soil texture and temperature.
Conductivity of soil water varied widely but showed too much within-group variation to correlate well 
with wetland community distribution. Soil and soil water pH values were relatively neutral and varied 
within plant community types nearly as much as among plant community types. Dissolved oxygen levels 
in soil water of all plant community types were low in June and higher in September.
Twenty-nine wetland soils were described in terms of horizons, depths, pH, texture, color, rooting 
depth, percent of organic carbon in surface horizons, mottling, and were classified to the level of family.
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INTRODUCTION
During the Pinedale Glaciation 13,000 years ago, the northern range of Yellowstone National Park was a 
mass of ice approximately one kilometer thick. As the glaciers receded, they left a coarse, unsorted rubble 
that covered the valleys and gentle slopes. New channels were formed and abandoned as rivers began 
clearing the debris. Depressions were left in the moraines by remnant blocks of ice and were filled in by 
springs. These are the wetlands of the freshly carved northern range.
The purpose of this study was to explain spatial variations among the major wetland community types of 
the northern range of Yellowstone National Park. Differences in soil pH, organic matter, temperature, 
texture, depth to gleying, depth to the water table, soil water pH, conductivity and dissolved oxygen 
concentrations were examined. The information gained in this study will add to the limited Rocky 
Mountain wetlands data base from which land managers of this region must draw when making decisions 
concerning wetlands.
No single, correct definition for wetlands exists, because of the imlimited variety in hydrology, soil, and 
vegetation types (Cowardin and others 1979). Differences in definitions of wetlands occur most frequently 
in determining where to draw the boundary between upland and wetland environments and between wetland 
and aquatic environments. For the purpose of this study, wetlands are defined as: 1) Areas and communities 
influenced by surface water or composed of species more mesic than those of surrounding upland 
communities due to the presence of a high water table for at least a portion of the year, and 2) Areas of 
persistent or non-persistent emergents but not including aquatic communities dominated by submerged and 
floating plants (Cooper and Pfister 1986).
Wetlands across the country have much in common. Wetland plants have adapted to waterlogged soU. 
Wetlands are a necessary habitat for a large number of birds and animals. Wetland ecology has been less 
studied than upland ecology. And wetlands everywhere, from the swamps of Florida to prairie potholes in 
North Dakota, have been filled in or drained to make way for human development.
Of the 215 million acres of wetlands that existed before Europeans settled in America, 99 million remained 
in the mid 1970's. An additional 458,000 acres may be lost each year (Frayer and others 1983). 
Historically, government policy in this country has encouraged conversion of wetlands to agricultural land 
and development with such legislation as the Swamp Lands Acts of 1849,1859, and 1860 that gave 65 
million acres of federally owned wetlands to states for conversion to dry land. Public works programs of 
the 1930’s accelerated wetland losses. The first survey of the extent of the nation's remaining wetlands 
completed by the U.S. Fish and Wildlife Service in 1956, marked a turning point in both private and public 
attitudes toward wetlands. Formerly viewed as wastelands, wetlands were recognized as significant habitat 
for wildlife, water quality maintenance, channel stabilization, and recreation (Shaw and Fredine 1956).
More recently, Horwitz (1978), Office of Technology Assessment (1984), United States Department of
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Interior Fish and Wildlife Service (1981). and Windell and others (1986) reviewed laws governing wetland 
preservation. Shaw and others (1956), Sturges (1967), Horwitz (1978), Office of Technology Assessment
(1984), Johnson and Jones (1978), Tiner (1984), and Windell and others (1986) discussed the value of 
wetlands and the causes of wetland destruction. Situated in the world's first national park, the wetlands of 
the northern range are unique in having been protected by law from unchecked exploitation almost since 
their discovery.
But other problems have arisen from within the protected National Park. Critics such as Chase (1986) and 
Bartlett (1985) point out how park management decisions, whether well intended or not, may have had a 
significant detrimental effect on the Yellowstone ecosystem. The northern range is showing signs of 
excessive grazing by bison and, especially, by elk (Houston 1982, Chadde 1987, Chase 1986, Bartlett 
1986, Singer 1987). Elk populations have grown more or less unchecked since controlled elk kills were 
discontinued in 1968 in response to public pressure (Houston 1982). As of 1987, the northern elk herd is 
estimated to number over 2 0 ,0 0 0 .
The first step toward understanding and managing wetlands effectively is the development of classification 
systems. Wetland classifications for nearby regions include those of Mattson (1984), Tuhy (1981), Norton 
and others (1981), Mutz and Queiroz (1983), Youngblood and others (1985), Pierce and Johnson (1986), and 
Tuhy and Jensen (1982). The wetlands of the northern range are currently being classified by Hansen and 
others (1987a).
Recent wetland studies are just beginning to understand the causes of spatial distribution of plant 
communities. Mattson (1984) in central Yellowstone National Park, Youngblood (1985) in western 
Wyoming and eastern Idaho, Mutz and Queiroz (1983) in the Centennial Mountains and South Fork 
Salmon River, Idaho, Hansen and others in Montana (1986b), and Tuhy and Jensen (1982) in the Upper 
Salmon/ Middle Fork Salmon River, Idaho described the relationships among soils, apparent water table 
depth, and plant communities.
Other studies of the relationships of environmental factors among wetland vegetation include those of Sjors 
(1950), Harris and Marshall (1963), Heinselman (1963), Jeglum (1971), Black (1968), Dansereau and 
Segadas-Vianna (1952), Daubenmire (1968), Fagerstedt (1984), Miller (1973), Moore and Bellamy (1974), 
Walker and Wehrhahn (1971), Weller (1981), Wheeler and others (1983), Windell and others (1986), Shaver 
and others (1979), Armstrong and Boatman (1967), Dionigi and others (1985), Gore (1961), Langenhcim 
(1962), Loach (1968), and Vitt and Slack (1975). These studies demonstrate the extreme variability of 
different soil physical and chemical properties, water regimes, soil water chemistry, and other environmental 
factors, and their effect on the distribution of wetland communities.
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STUDY AREA
The area of the study was the winter range of the northern Yellowstone elk (fig. 1). Its boundaries were 
determined by observations of seasonal elk herd distributions and are subject to refinement as data on winter 
movements of elk accumulates (Houston 1982). The winter range occupies about lOO.CKX) ha along the 
Lamar, Yellowstone, and Gæ^ner River drainages.
G A L L A T I N  
C N A T I O N A L  F O R E S T
v _ _  Y E L L O W S T O N E  P A R K  B O U N D A R Y
W I N T E R  R A N G E  
b o u n d a r y
VtLLOW STONC 
PA RK
Figure 1. Map of the northern winter range of the Yellowstone National Park elk herd (from Houston 
1982).
Approximately 83% of the winter range is in Yellowstone National Park, 14% is in the Gallatin National 
Forest, 3% is on privately owned lands to the north of the park, and 0.4% is on State of Montana and 
Burlington Northern Railroad land. An additional 6000 ha historically used by wintering elk is considered 
unavailable by Houston (1982), due to conflicts with agriculture and human development.
The northern range of Yellowstone National Park occupies mostly flat, glaciated valleys surrounded by high 
mountains. About 52% of the northern range within the park is between 1,5(X) m and 2,100 m, 35% is 
from 2,101 m to 2,400 m, and 13% is over 2,401 m.
Wetlands in the northern range occur in five general settings:
1) Old river channels, along streams and rivers, and on flood plains.
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2) Small depressions and lakes in glacial till formed by blocks of ice left by retreating glaciers.
3) Adjacent to springs on the lower slopes of the surrounding mountains (near Mammoth Hot Springs 
some of these are geothermally influenced).
4) Where volcanic talus slopes spread onto flat areas, including valley floors.
5) Silted-in beaver ponds.
The vegetation of the northern range is mostly steppe or shrub steppe, with scattered conifers occurring in 
small stands at lower elevations. Large forested tracts are found on north facing slopes and at higher 
elevations. Small groves of aspen (Populus tremuloides) occur between steppe vegetation and conifer 
forests.
Although Yellowstone National Park was established in 1872, management of the northern range since that 
time has not always sought to preserve its pristine condition. For example cattle, horses, and domesticated 
bison were kept in the Lamar Valley from the late 1870's to 1951. Native hays were cut in the Lamar 
Valley from the 1880's to the 1890's. From 1907 to 1952 non-native hay was also cultivated in this area. 
On the Blacktail Plateau, cattle, horses, and bison were grazed and hay was cut from the late 1870’s to 
1942. In the Mammoth Hot Springs-Gardner River area, including the 1,600 ha boundary line area, use has 
been more intense and varied, including heavy grazing by livestock, a military rifle range, a golf course, and 
cultivated fields. Houston (1982) has provided a history of human impact on the northern range.
PHYSIOGRAPHY AND GEOLOGY
Although the northern range of Yellowstone National Park is known mainly for its Cenozoic volcanic 
rocks, it also contains older sedimentary and metamorphic rocks (Ruppel 1972, Keefer 1972, Richmond 
1972a). The oldest rocks in the northern range are pre-Cambrian quartz biotite schist and granitic biotite 
gneiss that have been dated to about 2.7 billion years ago. These rocks were deformed during a pre- 
Cambrian period of mountain building. By the end of pre-Cambrian times, some 570 years ago, these 
mountains had been eroded to a nearly flat plain, part of which is exposed on the Buffalo Plateau adjacent to 
the northern boundary of the park.
For the roughly 500 million years spanning from the Cambrian Period to the latter part of the Cretaceous 
Period, a succession of at least 12 shallow seas extended over the entire western portion of the North 
American continent, including most of Yellowstone National Park. Sedimentary rocks formed at this time 
in the northern range include shales, dolomites, limestones, and sandstones. Today, these rocks form 
outcrops in the mountains to the east of Swan Lake Flats, to the north of Buffalo Plateau, and to the north 
and east of the Lamar Valley.
At the close of the Mesozoic Era, some 75 million years ago, a series of intense crustal disturbances that
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make up the Laramide Orogeny produced a vast mountain chain throughout the present Rocky Mountain 
region with extensive thrust faulting. Displacement along some of these faults in the northern range is 
more than 3000 m. This mountain building period lasted until early Eocene time, about 50 million years 
ago.
In early Eocene time, several large volcanoes erupted in what is termed the Absaroka volcanism, resulting 
in the accumulation of volcanic breccia, tuff, andésite and basalt. Intermittent violent eruptions and quiet 
lava flows continued until the end of this period approximately 40 million years ago, leaving the present 
day northern range buried beneath more than a thousand meters of volcanic rock. Today these cover much 
of the area to the northeast of the northern range as well as a large area to the west of Mammoth Hot 
Springs.
For a span of about 30 million years after the Absaroka volcanism, the area was calm, typified a gently 
rolling plateau drained by meandering streams with only a few volcanoes rising above the horizon. No 
rocks from this period are known to occur in Yellowstone National Park.
The present mountainous features of the northern range were produced in the Pleistocene, about 10 million 
years ago. During this time, the entire Rocky Mountain range was lifted to extremely high elevations by a 
series of extensive normal faults.
At the beginning of the Quaternary, some 2 million years ago, the first of two gigantic volcanic eruptions 
blasted through the Earth's surface in the present-day Yellowstone Lake area. A second similar eruption 
occurred about 600,000 years ago. The calderas created by these blasts are the largest known on the earth. 
The eruptions completely dominated the northern range, depositing ash flow tuffs throughout the region. 
Lava flows have occurred since then, depositing basalt near Tower Falls and in the area southeast of 
Mammoth Hot Springs. The last ouqjouring of lava occurred approximately 60,000-75,000 years ago.
Glaciers have been important in the recent evolution of the northern range. Three glacial periods have been 
documented. The oldest is the pre-Bull Lake Glaciation that began more than 300,000 years ago and 
continued until 180,000-200,000 years ago. The Bull Lake Glaciation began about 125,000 years ago and 
ended more than 45,000 years ago. These glaciations are known only from scattered moraine deposits and 
are not exposed in the northern range. The final glacial period, known as the Pinedale Glaciation, began 
about 25,000 years ago. Its glaciers carved the northern range into its present shape. At their maximum, 
the Pinedale glaciers covered 90% of Yellowstone National Park, including the northern range, with a layer 
of ice up to 1 0 0 0  m thick.
The glaciers had melted in most of the lower elevations by about 6500 years ago, leaving moraines often 
several tens of meters thick. Blocks of ice left in moraines by the retreating glaciers have formed kettle 
lakes throughout the northern range. Pinedale deposits cover most of the northern range and include: 1)
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Glacial till, which is mostly locally derived and clayey in this area. It occurs throughout the area covering 
virtually all gently sloping upland areas, and 2) Kame sand and gravel deposits around Swan Lake Flats, 
Blacktail Ponds, Tower Junction, Slough Creek, and the Lamar Valley.
Neo-glacial deposits, including alluvial and colluvial deposits, cover much of the Lamar River, Slough 
Creek, and Gardner River flood plains. Fairly extensive neo-glacial travertine deposits occur in the northern 
range from south of Mammoth Hot Springs to Gardiner (Richmond 1972b).
CLIMATE
Although somewhat warmer than the rest of the park, the climate of Yellowstone’s northern range is one of 
long, cold winters and short cool summers. Due to extreme variations in topography and the resulting 
weather patterns, weather records from the area fail to convey the great variations that occur both spatially 
and temporally within the northern range. Some winters are extremely cold with prolonged heavy snows 
that last well into the month of May. Other winters are comparatively warm with little snow 
accumulation.
Climates differ considerably at the four weather recording stations located within the northern range. The 
driest record is from the Gardiner Station with a mean annual precipitation of 277 mm, followed by Lamar 
with 370 mm. Tower with 380 mm, and Mammoth with 421 mm. Mean annual temperatures are 6 .6 ®C at 
Gardiner, 4.3°C at Mammoth, 2.3°C at Tower, and 1.8®C at Lamar (Dirks and Martner 1978).
SOIL TERMS AND CONCEPTS
Wetland soils are often more variable than upland soils, frequently changing texture, organic matter content, 
pH, and temperature. All of these soil parameters can affect vegetation. However, because of the high 
degree of glacial and fluvial mixing of soil parent materials in the northern range, no clear relationships 
between underlying geology and wetland plant community types were apparent.
SOIL TEXTURE
Soil texture is determined by depositional environments, parent material, topography, climate, and soil 
maturity (Nimlos 1987). Soil texture affects plant growth primarily through influences on the available 
water supply. A loamy texture holds more available water than either sandy or clayey soils. Available N 
also varies with soil texture. Other conditions remaining constant, fine textured soils usually have higher 
soil nitrogen than coarse soils (Black 1968). A third way in which texture affects plant growth is through 
aeration. Soils with coarse textures will have larger pores and are therefore better aerated than fine-textured
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soils. Germination and root growth are also strongly influenced by soil texture. Some roots cannot 
penetrate coarse sand and gravel, while others have roots that are specialized to grow on gravel bars (Hook 
and Crawford 1978).
SOIL CHEMISTRY
Gas exchange between soil and air is drastically reduced in submerged soils. Molecular diffusion of oxygen, 
as well as other gasses, into the interstitial water is 1 0 , 0 0 0  times slower than diffusion into unsaturated soil 
pores (Jones 1982). Studies have shown that oxygen levels in stagnant soil water decrease to one percent of 
initial concentrations in about 75 minutes after flooding. Oxygen levels become undetectable after 6  to 10 
hours, due to microorganisms use of the oxygen present in the water or trapped in the pores of recently 
flooded soils (Ponnamperuma 1972, Jones 1982).
If the soil water is moving, it will contain a higher concentration of oxygen than if it is stagnant 
(Armstrong and Boatman 1967, Daniels and others 1973). Rainfall can also significantly replenish oxygen 
to anoxic soils (Broadfoot 1967). Most wetland plant species have the ability to oxidize the rhizosphere 
which can be very significant to the area immediately surrounding the roots (Hook and others 1970).
Oxygen that comes into contact with submerged soils is used in several ways:
1) As an electron acceptor by soil microorganisms in their cell oxidation.
2) In chemical oxidation of Fe(II) and Mn(II) which diffuse from the underlying anaerobic soil layer,
3) For biological oxidation including oxidation of NH^fl) to NO3 - and S= and S to 80^= (Jones 1982).
In the absence of oxygen, conditions are produced in which reduction occurs. The rate and degree of 
reduction is influenced by various soil parameters including oxygen concentration, pH, organic matter, and 
temperature (Ponnamperuma 1972). Submergence lowers oxidation-reduction potential, resulting in 
changes from NO3 - to N2 , Mn(IV) to Mn(U), Fe(III) to Fe(II), SO4  = to S=, CO2  to CH4 , and H(I) to H2  
gas (Jones 1982). The most important of these is the reduction of Fe(III) which causes the formation of 
new minerals, increases pH, causes displacement of cations from exchange sites, increases phosphorus and 
silica, and increases the concentration of water-soluble iron to levels that can be toxic to vegetation (Black 
1968, Ponnamperuma 1972).
The gray and blue colors of gleyed soils are attributed to compounds containing iron in its reduced form, 
especially ferrous sulfide, and occur where the oxidation-reduction potential is below 0.3 volt (Black 1968, 
Ponnamperuma 1972). Red and brown colors are characteristic of soils containing iron in the oxidized 
state. Gleyed soils can contain rusty mottling which are patches of higher oxidation states within an 
overall low oxidation state. The opposite is the case when blue or gray mottles occur in brown or red soils.
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Mottling occurs when roots oxidize the rhizosphere or because of seasonal fluctuations in water table levels 
(Rowell 1981).
Another important factor in flooded soils is pH change. In general, flooded soil conditions tend to increase 
pH in acid soils and decrease pH in calcareous soils, resulting in relatively neutral soils with pH values 
between 6.5 and 7.5 (Ponnamperuma 1972, Jones 1982, Teskey and Hinckley 1977, Etherington 1982). 
The magnitude and rate of pH change in flooded soils are not uniform for all soils because of differences in 
organic matter, reduction of nitrates and sulfates, types of clay minerals and salts, concentration of CO2  , 
and the leaching of bases. Since pH changes affect a soil's chemical equilibria (redox potential) which in 
turn affects chemical reactions and ion concentrations, they can have a strong effect on fertility (Lucas and 
Davis 1961, Black 1968, Jones 1982, Williams 1974, Small 1972, Loach 1968) and affect toxicity (Teskey 
and Hinckley 1977). While K and Ca become less available, many nutrients and micro-nutrients are more 
available in flooded soils. These include P, N, Mg, S, Fe, Mn, Mo, Co, and Cu (Ponnamperuma 1972, 
Teskey and Hinckley 1977, Jones 1982, Lucas and Davis 1961).
The dissolved oxygen and pH of slow moving soil water are in equilibrium with the surrounding soil. 
Specific conductances of soil solutions increase diuing the first few weeks of flooding due to the release of 
Fe^+ and Mn^+ from insoluble hydrates, the accumulation of NH^+, HCOg", and RCOO', and (in 
calcareous soils) the dissolution of CaCOg by CO2  and organic acids. The kinetics of specific conductance 
varies widely within a soil. Neutral and alkaline soils with high conductances immediately following 
flooding, attain values exceeding 2000 umhos/cm and then show a slow decline. Strongly acid soils have 
low initial conductances. They show steep increases during the first four weeks of flooding and then decline 
sharply (Ponnamperuma 1972). High specific conductance is observed in soils with low cation exchange 
capacities and a high organic matter content. Sjors (1950) found conductance of soil water had a significant 
effect on the spatial distribution of wetland vegetation in a Swedish bog.
Wetland plants have both physical and metabolic adaptations for surviving anaerobic soil conditions. For 
example, wetland plants can transport oxygen from shoots to roots in the gaseous phase through 
intercellular spaces (Armstrong and others 1967). Leaf stomata and root structures are also modified to 
function in anaerobic soils (Teskey and Hinckley 1977). Hook and others (1978), Anderson and others 
(1985), Black (1968), Boggie (1972), Teskey and Hinckley (1977), and Etherington (1982) provide 
information on the many plant adaptations to anaerobic soils.
SOIL TEMPERATURE
Soil temperature greatly influences the rate at which decomposition and other chemical processes take place. 
Soil temperature also regulates many plant responses. Many plants require considerably lower temperatures 
in the layer where their roots develop than in the air surrounding their above-ground parts (Shul'gin 1965).
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Soil temperature is also important in germination, in effecting the onset of reproductive stage of 
development, and in plant productivity.
Because of the high specific heat of water, flooded soils are insulated against frequent variations in 
temperature. Submerged soils are cooler in the summer and warmer in early winter than well-drained soils 
(Priban and Ondak 1978).
ORGANIC MATTER
Organic matter in soil strongly affects virtually all soil physical and chemical properties. Organic matter 
speeds weathering and decomposition of soil minerals to release nutrients, and is a source of carbon and 
minerals for plants. Organic matter also in increases cation exchange capacity and a soil's moisture 
retention. Humic acids released from decomposing organic material facilitate root respiration under 
anaerobic conditions (Kononova 1961). The decomposition of organic matter in submerged soils is slower 
than in well-drained soils due both to lack of burrowing animals and a lack of oxygen available to 
decomposers.
In a well-drained soil, organic matter is decomposed to CO2 , nitrate, sulfate, and resistant residues. In 
flooded soils, products of decomposition normally include CO2 , hydrogen, methane, ammonia, amines, 
mercaptans, hydrogen sulfide, and partially humified residues (Ponnamperuma 1972).
WATER TABLE LEVELS
By definition, the one thing all wetland soils have in common is high water content relative to surrounding 
upland soils for at least part of the year (Cowardin and others 1979). Submergence greatly influences soil 
behavior in the many ways discussed previously. In drier wetland soils, water availability is a limiting 
factor. Mattson (1984), Tuhy and Jensen (1982), Mutz and Quieroz (1983), and Youngblood and others
(1985) as well as numerous other works have found water table levels to be of primary importance in the 
distribution of wetland vegetation. Youngblood and others (1985), Mutz and Quieroz (1982), and Tuhy and 
Jensen (1982) attempted to describe depth to wetland water tables with a single measurement taken at each 
individual p lo t Mattson (1984) attempted to describe water regimes by developing an "index of soil flux" 
based on depth of spring standing water and single tcnsiometer measurements of soil moisture in 
September.
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METHODS
FIELD METHODS
Field work was conducted in 1987 from early June to mid-September, during the period of greatest 
photosynthetic activity of wetland plants. For example. Young and others (1985) determined that 
significant water consumption by Salix spp. at 2865 m elevation in southeastern Wyoming occurred from 
June 10 to September 20. Additional data used in this study were collected during the 1985 and 1986 field 
seasons, primarily by Steve Chadde.
Data were taken at plots established by Hansen and others (1987a) for their study on the classification of 
plant communities of the northern range. The approach they used to select sample sites was the "subjective 
sampling without preconceived bias" of Mueller-Dombois and Ellenberg (1974). Hansen and others (1987a) 
defined 62 wetland plant community types in the northern range. Twenty-one of their major community 
types are included in this study (table I). Of the remaining 40 community types, 19 are not yet completely 
defined and the others are only rarely encountered and in some cases are represented by a single plot. Data 
from 180 plots within these 21 community types were examined. Twenty four of the plots studied were 
contained within exclosures. Since significant differences were evident between plant communities within 
the exclosure and plant communities directly outside the exclosures, being within an exclosure has itself 
been considered a significant environmental factor.
Table 1. Major wetland plant community types of the northern range, Yellowstone National Park (from 
Hansen and others 1987a).
Community Type (c.L) Abbreviations
Coniferous Tree Community Types
1. Picea sppJEquisetum arvense c.t.
2. Picea sppJCalamagrostis spp. c.t.
Deciduous Tree Community Types
3. Populus tremuloides/Rosa spp. c.t.
Salix Community Types
4. Salix wolfiilCarex aquaiilis c.t.
5. Salix geyerianalCarex rostrata c.t.
6 . Salix geyeriana/Deschampsia cespitosa c.t.
7. Salix exigua/Agrostis alba c.t.
Shrub (non-Salix) Community Types
8 . Potentilla fruticosa/Deschampsia cespitosa c.t., Salix phase
9. Potentilla fruticosa/Deschampsia cespitosa c.t.
PICEA/EQUARV
PICEA/CALAMA
POPTRE/ROSA
SALWOL/CARAQU
SALGEY/CARROS
SALGEY/DESCES
SALEXl/AGRALB
POTFRU/DESCES S. 
POTFRU/DESCES
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Table 1 (continued)
Community Type (c.t.) Abbreviations
10. Artemisia canalDeschampsia cespitosa c.t. 
Graminoid Community Types
ARTCAN/DESCES
11. Eleocharis acicularis/Carex unilateralis c.t. ELEACI/CARUNI
12. Scirpus acutus/Scirpus acutus c.t. SCIACU/SCIACU
13. Carex simulata/Carex simulata c.t. CARSIM/CARSIM
14. Carex rostrata/Carex rostrata c.t. CARROS/CARROS
15. Carex rostrata/Carex aquatilis c.t. CARROS/CARAQU
16. Carex rostrata/Deschampsia cespitosa c.t. CARROS/DESCES
17. Carex aquatilis/Deschampsia cespitosa c.t. CARAQU/DESCES
18. Poa palustris/Agrostis alba c.L POAPAJUAGRALB
19. Deschampsia cespitosa/Juncus balticus c.L DESCES/JUNBAL
20. Juncus balticus/Poa pratensis c.t. JUNBAL/POAPRA
21. Elymus cinereus/Poa pratensis c.t. ELYCIN/POAPRA
Water table and soil water measurements were made at two-week intervals throughout the 1987 field season. 
Water tables were measured in 110, one meter long, 25 millimeter diameter PVC pipes that were installed 
during the 1986 field season (Singleton 1984, Hansen and others 1987a). A ceramic-tipped tensiometer was 
used to approximate soil moisture levels at plots where the water table was below one meter. The values of 
soil tension will vary according to differences in soil texture, with coarser soils showing less suction than 
finer soils with an equal water content (Black 1968). The tensiometer distinguished between saturated, 
moist, slightly moist, and dry soils.
For soil water chemistry measurements, the PVC tubes were evacuated once and allowed to fill before 
readings were taken. Soil water dissolved oxygen concentrations, pH, and conductivity could be effectively 
sampled at sites with water tables within 90 cm of the soil stirface because of the amount of water needed to 
perform analyses. Conductivity and pH were determined using a Lakewood electrode field instrument. 
Dissolved oxygen was measured with a Cole-Parmer permeable membrane field oxygen meter that was 
calibrated by the Winkler method (Black 1968).
Surficial geology was field checked with existing surficial geological maps (Richmond 1972a and 1972b). 
Detailed soil descriptions were made for 108 plots using standard pcdon description methods (Soil Survey 
Staff 1975) allowing soils to be classified to family level. Soil pits were dug to a depth of one meter or
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until a shallower restricting layer was reached. Soil temperature was taken at a depth of 20 cm at two week 
intervals throughout the 1987 field season and at a depth of 50 cm once in early July, 1987,
Additional soil and site data were collected during the 1985 and 1986 field seasons at 250 different plots 
(Chadde pers. comm, 1987). and included aspect, slope, location, and site disturbances, as well as limited 
soil water data. Brief soil descriptions were also made (Hansen and others 1987a).
OFFICE AND LABORATORY METHODS 
Office and laboratory methods included the following:
1) Underlying geology at the study sites was determined from geologic maps (Richmond 1972a).
2) Soil organic content was determined by ashing dried samples for one hour at 500®C (Black 1968).
3) Soil pH was determined using a 1:1 paste of soil and distilled water at thermal equilibrium using a 
Lakewood electrode instrument (Black 1968).
4) Soils were classified to family level using standard pedon description methods (Soil Survey Staff 1975).
5) Soil descriptions and graphs of water tables of each community type were prepared.
RESULTS
WETLAND SOIL TYPES OF THE NORTHERN RANGE
The most frequently occurring wetland soils in the northern range were those belonging to the Mollisol 
order. These soils have dark brown or black mineral surface horizons that are relatively thick, have high 
base saturation, and usually have well developed structure. The black mollic epipedon is primarily the 
result of underground decomposition of organic matter in the presence of bivalent cations such as calcium 
(Soil Survey Staff 1975). These soils are indicative of relatively stable conditions and often support 
graminoid communities. Mollisols were commonly found on alluvial terraces, broad valley bottoms, and 
gentle slopes protected from fluvial disturbance.
Mollisols that are saturated for prolonged periods during the growing season had an aquic water regime. 
Since soils in the study area had a cryic temperature regime with mean annual temperatures between 0®C 
and 8 °C, they belonged to the Cryaquoll great group. Depending on the presence or absence of an argillic 
horizon, histic epipedon, or mollic epipedon greater than 50 cm thick, Cryaquolls of the northern range 
were divided into Typic, Argic, Histic, or Cumulic Subgroups.
Mollisols that were not saturated, had chroma values greater than 2, and lacked prominent mottles, belonged 
to the CryoboroU great group. These were differentiated into Andeptic, Aquic, Argic, Cumulic. and Typic
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Subgroups based on presence of mottling, depth of mollic epipedon, fraction of pyroclastic materials, and 
amount of clay. Cryoborolls were at the dry end of the wetland soils studied and often extend into adjacent 
uplands.
Histosols were the wettest soils studied and occurred on wet, broad valley bottoms, in glacial ponds, beaver 
ponds, and adjacent to springs on gentle slopes. Histosols contain a surface horizon that is at least 20% 
organic matter (Soil Survey Staff 1975). These horizons were usually at least 40 cm thick. Typic 
Histosols had organic surface horizons that were thicker than those of Terric Histosols. Suborders were 
determined by the degree of decomposition of organic matter, with Fibrists showing the least 
decomposition, Hemists intermediate, and Saprists the most.
Histosols formed in silted-in beaver ponds, on wet flood plains, and on talus deposits were not as thick as 
those formed in kettle ponds. These Histosols rested either on angular basalt fragments from talus slopes or 
over stream deposits of sand, gravel, cobbles, and boulders.
Histosols formed in glacial ponds contained a very fine textured gleyed horizon that was derived from 
volcanic ash, often at depths greater than 1 m. Organic surface horizons decreased in thickness toward pond 
edges.
Entisols those substrates that had little or no evidence of pedogenic horizons. Where slopes were less than 
25% and organic matter content decreased irregularly with depth, these soils were classified as Fluvents. 
Fluvaquents are frequently flooded and have fluctuating water tables. Based on low chroma and mottling, 
Cryofluvents were divided into Aquic or Typic subgroups. Aquents are Entisols that are saturated for a long 
period and are gleyed and/or mottled. These were divided into Andaqueptic, Mollic, Typic, and Thapto 
Histic based on the fraction of pyroclastics, presence of a mollic horizon, and presence of a buried organic 
horizon.
Inceptisols lacked a mollic epipedon, have high available water content throughout the growing season, 
textiues finer than loamy sand, and had altered horizons that have lost bases while still containing some 
weatherable minerals. Because of their moisture and temperature regimes, Inceptisols of the northern range 
were classified as Cryorthents. These soils were infrequently encountered.
Soil types o f the northern range were similar to those described by Youngblood and others (1985) for 
wetlands of eastern Idaho and western Wyoming, and Mutz and Quieroz (1983) for the wetlands in the 
Centennial Mountains and South Fork Salmon River in Idaho. A summary of soil types and basic 
properties are provided in Appendices.
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SOIL TEXTURES
Wetland soils encountered in the northern range varied in texture from coarse sand to clay. Coarser soils, 
typically Entisols, were found along new and abandoned stream channels and on hill slopes adjacent to 
springs. Very fine textured soils occurred in old beaver ponds and in till of glacial depressions from the 
Pinedale glaciation.
Soil textures of surface horizons were related to the distribution of community types that occured on 
mineral soils. Coarse surface horizon textures were typical of four of the driest community types. These 
included the PICEA/EQUARV, PICEA/CALAMA, and ELYCIN/POAPRA c.t s that were found along 
high-energy riverbanks, and the ARTCAN/DESCES c.t. that was transitional to uplands on glacial sand and 
gravel deposits. The CARROS/DESCES and DESCES/JUNBAL c.t.s occurred on soils finer than silt 
loam. The ELEACI/CARUNI community type occurred only on a very fine loamy clay textured soil.
Other community type soil textures generally ranged from sandy loam to clay loam. The range of textures 
in wetland soils of the northern range are summarized by community types in Figure 2.
PICEA/EQUARV- 
ARTCAN/DESCES 
ELYCIN/POAPRA 
PICEA/CALAMA 
JUNBA/POAPRA 
SALEXl/AGRALB 
POAPAL/AGRALB 
CARROS/CARAQU 
SAYGEY/DESCES
CARAQU/DESCES 
POPTRE/ROSA 
POTFRU/DESCES S 
POTFRU/DESCES 
SCIACU/SCIACU 
SAYGEY/CARROS 
SALWOL/CARAOU 
CARROS/DESCES 
DESCES/JUNBAL 
CARSIM/CARSIM  
ELEACI/CARUNI
100%
SAND FRACTION OF SOIL
33 .3%
silt and 
clay
sand loamy 
sand
sandy loam 
loam
clay loam 
and silt loam
Figure 2. Soil texture and sandiness of wetland community types of the northern range, Yellowstone 
National Park. Shaded bars represent soil texture below an organic horizon.
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SOIL CHEMISTRY
Stress from low oxygen levels in flooded soils was a primary factor in determining the distribution of 
community types in the northern range. Measurement of dissolved oxygen concentrations in soil water was 
not a satisfactory way to determine oxygen stress. Duration of flooding and depth to gleyed horizons were 
better indicators of anaerobic soil conditions.
The instrument used to determine dissolved oxygen concentrations required constant calibration, took a 
relatively long time to come to thermal equilibrium with water samples, and was easily damaged.
Sampling design was also problematic. Soil water nearest to the water table contains more dissolved 
oxygen than water further below the water table (Teskey and Hinckley 1977). Therefore, measurements of 
dissolved oxygen concentrations taken at sites with high water tables were lower than those taken at sites 
with lower water tables. Because of this, measurements of soil water dissolved oxygen concentration often 
merely reflected differences in depths to water tables. In early summer dissolved oxygen levels of soil water 
of all wetlands were very low, ranging from 0 to 3.8 ppm, though they were typically below 1.0 ppm. 
Dissolved oxygen concentrations measured at the end of the summer were considerably higher, ranging from 
4.0 ppm to 6.3 ppm, reflecting lower water tables.
Depth to gleyed horizons varied among different plots within individual community types due to differences 
in water table levels and depth of organic surface horizons. Some community types such as 
CARROS/CARROS and POTFRU/DESCES occurred within a broad range of water regimes. This 
corresponded to a wide range of surface organic horizon thicknesses in plots of these community types. 
Though most thick surface organic horizons remained saturated throughout the summer and soil water 
dissolved oxygen levels were low, none were gleyed. Community types with thick organic horizons such 
as SCIACU/SCIACU and CARSIM/CARSIM occasionally lacked gleyed horizons within 120 cm of the 
soil surface. Therefore depth to gleying was not directly indicative of reducing conditions within thick 
organic soils.
Depth to gleying was, however, a good indicator of long-term oxygen stress in mineral soils and 
corresponded to the distribution of community types. Figure 3 shows the depths to gleying in the most 
frequently occurring soil types of wetland communities of the northern range.
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Figure 3. Depth to gleying in soils of wetland community types of the northern range, Yellowstone 
National Park.
Most of the soil parent materials in the northern range are of andesitic, basaltic, or granitic origin, and are 
therefore generally neutral. TTiose sites that were influenced by travertine in the Mammoth were slightly 
alkaline, with pH values ranging from 7.6 to 8.2. Drier sites with significant organic matter 
accumulations, such as those of the PICEA/EQUARV c.t. and the POTFRU/DESCES c.t., were acidic, 
with pH values ranging from 5.6 to 6.4. Since pH values varied considerably among different plots of 
individual community types, no strong relationship could be delineated between soil or soil water pH and 
the distribution of community types. Mattson (1984) found pH values for wetland soils of central 
Yellowstone National Park that were generally below 5.0. He attributed the acidity of the soils to rhyolitic 
parent materials.
Soil water conductivities ranged widely, with no clear relationship between conductivity and community 
type distribution apparent. Soil water conductivities were lowest at sites along riverbanks such as those of 
the PICEA/EQUARV c.t. (120 umhos), and were highest in glacial ponds that were influenced by travertine 
in the Mammoth area (2000 umhos).
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SOIL TEMPERATURE
Wetland soils in Üiis region are frozen during the winter months, and most have a mean annual temperature 
that is between 0 and 8 ®C (Trettin 1986, Youngblood and others 1985). Therefore, these soils are classified 
as having a cryic temperature regime (Soil Survey Staff 1975).
The coldest soils were those influenced by cold springs on toe slopes and by cold water from adjacent 
streams. Temperatures of these soils ranged from between 9 and 12®C in June and September and warmed 
to between 15 and 16®C in July and August These soils supported the SALGEY/CARROS, 
CARAQU/DESCES, SALWOL/CARAQU, POTFRU/DESCES, and POTFRU/DESCES Satix phase 
community types. Cold soils also occurred in the shaded environments. Temperatures of these soils ranged 
from between 10 and 12°C in June and September and warmed to between 15 and 16®C in July and August. 
Soils that were dry and not shaded had the among the highest temperatures, ranging from 15®C in June and 
September, to 23®C in July and August These soils supported the ELY CIN/PO APR A, 
SALEXI/AGRALB, JUNBAL/POAPRA, ELEACI/CARUNI, and ARTCAN/DESCES community types. 
Soils on wet sites having slow-moving groundwater were also warm, ranging from 14°C in June and 
September to 22®C in July and August. These soils supported the CARSIM/CARSIM, 
SCIACU/SCIACU, and CARROS/CARROS community types. Summer soil temperatures of community 
types on Yellowstone’s northern range are summarized on Figure 4.
Mattson (1984) stated that temperature was significantly association with wetland vegetation distributicm in 
central Yellowstone National Park. However, his findings were based on single temperature readings taken 
in September, which would fail to account for the seasonal high temperatures and the range of temperatures 
throughout the summer, making comparison with temperatures of the northern range difficult
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
18
D eg rees  C elsius 
10 11 12 13 14 15 16 17 18 19 20 21 22 23
CL
f :
oo
SAYGEY/CARROS— 
CARAQU/DESCES- 
SALWOL/CARAQU -  
POTFRU/DESCES S. 
OARROS/CARAQU -  
POTFRU/DESCES —
PICEA/GALAMA----
PICEA/EQUARV------
POPTRE/ROSA-------
CARROS/DESCES—
DESCES/JUNBAL----
SALGEY/DESCES —  
ARTCAN/DESCES -  
CARROS/CARROS -
ELEACI/CARUNI----
POAPAUAGRALB —
SCIACU/SCIACU----
CARSIM/CARSIM—  
JUNBAL/POAPRA -  
SALEXI/AGRALB —  
ELYCIN/POAPRA —
Figure 4. Range of summer soil temperatures at 20 cm for wetland community types of the northern 
range, Yellowstone National Park.
ORGANIC MATTER
All surface horizons of wetland soils of Yellowstone’s northern range contained at least 5% organic carbon 
by weight. Accumulation of organic matter at sites of the PICEA/EQUARV c.t. and PICEA/CALAMA 
c.t. was related to the length of time since the last major disturbance (flood). The PICEA/EQUARV c.t. 
tended to have thicker organic accumulations than the PICEA/CALAMA c.L, but the ranges of thicknesses 
overlapped.
Accumulation of organic matter was greatest for sites that remained saturated throughout the summer.
Time was also a factor influencing depth of organic surface horizons. The oldest wetlands, formed in glacial 
ponds, had organic surface horizons greater than 1 2 0  cm thick while younger wetlands in beaver ponds and 
talus deposits had organic surface horizons that were only 40 cm thick. Thicknesses of organic surface 
horizons of wetland community types are summarized on Figure 5.
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Figure 5. Thickness of surface organic horizon by wetland community types in the northern range, 
Yellowstone National Park.
WATER TABLES
Water tables ranged from those that remained at or above the soil surface throughout the summer, to those 
that were greater than 1 m below the soil surface throughout the summer. Because of the great variability 
of water tables throughout the growing season (due to rainfall, transpiration, lower river levels, and aquifer 
depletion), no single measurement accurately describes the effect of water on the distribution of community 
types. Extremes and variability among water tables of the wetland community types of the northern range 
are given on Figures 13 - 31 in the community type descriptions. Table 2 lists community types by water 
regimes.
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Table 2. Water regimes of wetland community types of the northern range, Yellowstone National Park. 
Columns are arranged from wettest to driest.
Community types 
saturated throughout 
summer
Community types 
saturated for part 
of summer
Community types 
dry throughout 
most of summer
W ET
CARSIM/CARSIM DESCES/JUNBAL POTFRU/DESCES
CARROS/CARROS POAPAL/AGRALB SALEXI/AGRALB
CARROS/CARAQU POPTRE/ROSA PICEA/CALAMA
SALGEY/CARROS JUNBAL/POAPRA ELYCIN/POAPRA
CARROS/DESCES POTFRU/DESCES S PICEA/EQUARV
D RY
CARAQU/DESCES
.SALWOL/CARAQU
SCIACU/SCIACU
SALGEY/DESCES
ELEACI/C/iRUNI
ARTCAN/DESCES
LANDSCAPE RELATIONSHIPS
Relationships between geographic settings and community types were due to differences in age, soils, water 
regimes, and flood frequencies. The more recently formed wetlands, those occurring on talus and beaver 
ponds and along active flood plains, contained less diversity of community types than the older wetlands. 
Community types and their relationships to soil morphology and water tables in the different geographic 
settings are illustrated on Figures 6  through 12.
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Figure 6 . Talus pond wetlands.
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Figure 7. Glacial pond wetland.
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Figure 9. Wetland on an active flcwd plain of a high-energy river.
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Figure 10. Wetland on an infrequent flood plain of high-energy river.
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Figure 11. Wetland on the flood plain of a low energy-river.
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Figure 12. Beaver pond wetland.
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DESCRIPTIONS OF WETLAND COMMUNITY TYPE ENVIRONMENTS
1. Picea sppJEquisetum arvense c.L
This community type was represented by six plots occurring on flat alluvial terraces adjacent to active 
streams. They were located along the Lava, Blacktail, Glen, and Lupine Creeks at elevations from 2,000 to 
2,255 m.
Soils were Fluvaquents and Cryofluvents. These ranged in thickness from less than 30 cm to more than 
120 cm. Litter accumulations varied in thickness from 4 to 40 cm. Soil surface horizon textiu'es ranged 
from sandy loam to loam in surface mineral horizons, and sand to sandy clay in lower horizons.
Mottling occurred in two of the plots sampled. The mottling depths were 36 cm and 52 cm. Gleying in 
these soils occurred at depths of 56 cm and 67 cm respectively. Surface horizon pH values ranged from 6.2 
to 6.4. Soil water pH in the plot with a water table within 1 m of the soil surface was 6.2 and conductivity 
was 120 umhos. Early summer dissolved oxygen concentrations were low (0.7 ppm). Soil temperatures 
were moderate, ranging from 15 to 17®C in August to 9 to 12®C in June and September. Soils were moist 
only in June. The water table of one stand along Lava Creek remained between 60 cm and 80 cm 
throughout the summer. However, the upper 40 cm of soil was dry for most of the summer due to its 
coarse texture (fig. 13).
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Figure 13. Water table levels of the PICEA/EQUARV c.t.
2. Picea sp^JCalamagrostis spp.c.t.
This is a minor community type that occurs on flat alluvial terraces. It is represented by plots along Lava, 
Slough, Lupine, Glen, and Blacktail Deer Creeks at elevations between 1,890 m and 2,260 m.
Soils included Cryofluvents and Cryoborolls. The Cryofluvents are newly accreted and show little 
development and they are less than 60 cm thick. Organic surface layers are up to 5 cm thick. Textures are 
coarse overall, with alternating horizons of sand, silt, and gravel. These soils are moderately acid. The 
Cryoborolls of this community type have thick mollic epipedons that contain at least 10% organic matter. 
These soils are over 1 m thick and are moderately well developed. Textures range from loam to sandy loam. 
These soils are mostly neutral to slightly alkaline. Mottling occurs at depths of about 1 m. Temperatures 
at the rooting zones were warmest in July at 16®C and coolest in June and September at 11 to 12°C.
Water tables were 1 m below the soil surface throughout the summer. With the exception of a single plot 
that remained slightly moist throughout summer, soils were moist only in June and then dry throughout 
the rest of the summer (fig. 14).
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Figure 14. Water table levels of the PICEA/CALAMA c.t.
3. Populus tremuloidesfRosa spp. c.t.
This community type was represented by eight plots, all of which are located in exclosures in the Lamar 
Valley, at Junction Butte, and Mammoth vicinities. A ninth plot was located on the Lamar River flood 
plain in soil saturated by a spring from an adjacent hillside. Plots ranged in elevation from 1,610 to 
2 , 1 0 0  m.
Soils in the exclosures were Mollisols, which were typically greater than 1 m thick. Parent materials were 
basaltic glacial till. Soil textures were loam to loamy clay. Organic matter content of surface horizons 
ranged from 7% to 10%. Soil pH was neutral. Gleying was common below 70 cm. The soil on the 
Lamar River flood plain was a Thapto Histic Fluvaquent containing buried O and A horizons. This plot
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was the wettest, with the water table remaining within 2 0  cm of the soil surface throughout the summer 
(fig. 15).
Conductivity of soil water ranged from 320 to 500 umhos. Soil water pH values ranged from 6 . 8  to 7.4. 
Early summer dissolved oxygen concentrations were 0.6 ppm and lower. This community type occurs in 
somewhat drier soils than adjacent Sa/w-dominated community types. Soil temperatures ranged from 
11®C in June and September, to 17°C in July and August Water tables were generally 70 cm or more 
below the soil surface in June and fell below 1 m in July and remained low throughout the rest of summer 
(fig. 15).
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Figure 15. Water table levels of the POPTRE/ROSA spp. c.t.
4. Salix wolfiUCarex aquatilis c.t.
Plots of this community type were located on flat alluvial flood plains along the meandering Gardner River,
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and Blacktail Deer, Glen, and Panther Creeks, and in glacial deposits around Swan Lake. Plots ranged in 
elevation from 1,230 to 2,230 m.
Soils were mostly Histosols with organic horizons ranging from 70 cm to 105 cm thick. Mineral horizons 
in these soils had textures of clay loam and finer. Mottling occurred at two sites at depths of 30 cm and 60 
cm. Gleying also occurred in these two soils at depths of 50 cm and 75 cm respectively. One soil was an 
Entisol less than 30 cm thick. It was formed on glacial sand and gravel. Soil pH values ranged from 6.5 to 
6 .8 .
Soil water pH values ranged from (6.4 - 6 .8 ). Conductivities were between 280 umhos and 500 umhos. 
Early summer dissolved oxygen levels were below 0.7 ppm. Temperatures ranged from 10°C in June and 
September to 16%  in July and August. Water tables averaged about 20 cm below the soil surface in June 
and fluctuated widely throughout the summer, reaching minimums as low as 70 cm below the soil surface 
in August (fig. 16).
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Figure 16. Water table levels of the SALWOL/CARAQU c.L
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5. Salix geyerianalCarex rostrata c.t.
Stands of this community type were located on flat terraces and valley floors adjacent to Blacktail Lake, 
Crystal Creek, and on level meadows influenced by hillside springs in the exclosures at Junction Butte and 
the Lamar Valley. Elevations of the plots ranged from 1,890 to 2,090 m.
Soils were mostly shallow Mollisols and ranged in thickness from 35 to 75 cm. Organic horizons were 
from 1 to 5 cm thick. Textures were fine, ranging from loam to clay. Other soils included one Entisol and 
one Inceptisol.
All soils had gleying at depths from 20 to 35 cm. These soils had pH values ranging from 7.3 to 7.6. 
Conductivities of soil water ranged from 380 to 650 umhos. Soil water pH values ranged from 7.3 to 7.8. 
Early summer dissolved oxygen concentrations were below 0.8 ppm. Temperatures ranged from 10°C in 
early June to 15°C in early August. Water tables remained high and did not fluctuate more than 20 cm 
throughout the summer (fig. 17).
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Figure 17. Water table levels of the SALGEY/CARROS c.t.
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6. Salix geyerianalDeschampsia cespitosa c.t.
This community type occurs on hillsides with slopes of 3 to 6 % adjacent to springs and on flood plains. 
Sites were located along Blacktail Deer Creek and in the exclosures in the Lamar Valley and Mammoth 
areas at elevations ranging from 1,890 to 2090 m.
Soils were mostly Mollic Cryofluvents but included two Mollisols that were thicker and better developed. 
Most soils of this community type were less than 50 cm thick, with organic horizons less than 5 cm thick. 
Soil textures varied considerably within these soils, ranging from sandy clay loam to loamy clay. Soils 
were mottled at depths of 30 to 35 cm and were gleyed from 50 to 60 cm. Soils and soil water were 
slightly alkaline (pH 7.2 - 8.0). Conductivity of soil water ranged from 420 to 1200 umhos. Early 
summer dissolved oxygen concentrations were between 0.4 and 0.8 ppm. Temperatures in the rooting zone 
ranged from 12 to 14°C in June and September, and 17 to 19°C in August. Water tables averaged between 
20 cm and 50 cm below the soil surface throughout summer (fig. 18).
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Figure 18. Water table levels of the SALGEY/DESCES c.t.
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7. Salix exigualAgrostis alba c .t
This community type occurs on newly accreted sites that are in active flood plains. Study plots were 
located along the Gardner River between Mammoth and the north entrance to the park, and along Slough 
Creek. Elevations of the plots ranged from 1,710 to 1,890 m.
Soils were mostly undeveloped Entisols, with one Mollisol occurring along Slough Creek. Soil textures 
of surface horizons were mostly sandy loam. The Entisols were all less than 30 cm thick and consisted of 
sandy loam surface horizons overlying gravel and boulders. Soil pH of the surface horizon was slightly 
alkaline (7.6-7.9). The Mollisol consisted of a clay loam surface horizon overlying a sandy C horizon that 
was gleyed and mottled at a depth of 70 cm. Soil pH of the surface horizon was slightly acid (6.4). 
Temperatures were lowest in June and September ranging between 15 and 17°C and highest in June and 
September ranging between 20 and 22°C Most plots were moist only in June and were dry throughout the 
rest of summer. One plot along the Gardner River remained saturated throughout the summer (fig. 19).
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Figure 19. Water table levels of the SALEXI/AGRALB c.t.
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8 . Potentilla fruticosalDeschampsia cespitosa c.t. — Salix phase
This is a major community type throughout the northern range. It occurs on the toeslopes surrounding 
filled-in glacial kettle lakes and surrounding, but not adjacent to, springs on gentle (5%) slopes. Elevations 
of the plots ranged from 1,890 to 2,070 m.
Soils are Aquic or Argic Cryoborolls, except for one plot at Blacktail Lake that occurred on a floating 
organic mat. Soil textures are generally fine ranging from clay loam to loam. All sites had gleyed 
horizons or confining rock layers within 30 to 45 cm of the soil surface.
Conductivity of soil water ranged from 840 to 1100 umhos, with dissolved oxygen concentrations of 0.6 
ppm. Soil water pH values ranged fi'om 7.4 to 7.6. Temperatures ranged from 10 and 12®C in June to 16 
and 18®C in August. Water tables stayed fairly constant throughout the summer (fig. 20).
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9. Potentilla fruticosalDeschampsia cespitosa c.L
This community type occurs on flat landscapes slightly higher and drier than adjacent glacial depressions, 
along slow, meandering streams, and on gentle slopes surrounding springs. It occurred at Swan Lake Flats, 
Slough Creek, Blacktail Deer Lake, Floating Island Lake, and the exclosure at Junction Butte. Elevations 
of these sites ranged from 2,210 to 1,890 m.
Soils were Typic or Argic Mollisols. Organic surface horizons were usually 10 cm to 17 cm thick, but 
were totally lacking at two plots. Soil textures of mineral horizons ranged from loam to clay loam. Parent 
materials were mostly basaltic glacial till.
Large variations in the water table occurred throughout the summer (fig. 21). This caused mottling in the 
wettest soils at depths of 40 to 50 cm, and gleying at depths of 50 to 60 cm. Soils thicknesses ranged from 
55 to 85 cm. All soils contained restricting rock layers.
Soil pH values ranged from 6 . 6  to 7.3. Soil water pH values ranged from 6.5 to 7.2. Conductivities were 
between 360 and 440 umhos. Soil temperatures ranged from a high of 16®C in August to 11°C in June 
and September. Water tables were mostly about 80 cm below the soil surface in June and were below 1 m 
by July (fig. 21).
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Figure 21. Water table levels of the POTFRU/DESCES c.t.
10. Artemisia cana/Deschampsia cespitosa c .t
This community type was the driest wetland community type of the northern range. It was represented by 
four plots in the Swan Lake Flats area on deposits of glacial sand and gravel that lie above and adjacent to 
filled-in kettle lakes. Elevations of the plots ranged from 2,160 to 2,255 m.
Soils were all Typic Cryoborolls that were only slightly moist in early June and then remained dry 
throughout the rest of the summer. One soil had 3 cm of accumulated organic matter; soils of the other 
plots had none. Organic content was 6% in surface mineral horizons. Soils were greater than 120 cm thick 
and consisted of sandy loam overlying layers of sand and gravel that occur at depths from 55 to 65 cm.
Soil temperature at 50 cm was 12 to 13% . At a depth of 20 cm, these soils were warmest in August and 
July at 18% , and coolest in June and September at 13% . The soils were slightly acid, with pH values 
from 6 . 6  to 6.9.
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1 1 . Eleocharis acicularislCarex unilateralis c .t
This community type was represented by three plots, all occurring in Phantom Lake. Phantom Lake is 
located in a flat, narrow valley overlying basalt from talus slopes that form the steep southern wall of the 
valley. Elevation is 2,070 m at all three plots. Deep standing water occurs here during spring, but as soon 
as the thin soil thaws, water drains quickly through the underlying volcanic debris. Soils were saturated in 
early June, but by late June they had dried out completely and remained dry throughout summer.
Soils were Argic Cryoborolls, with 30 to 35 cm of loamy clay lying directly over volcanic cobbles and 
boulders. Temperatures reached 19°C throughout July and August, falling to 15°C in September and June.
12. Scirpus acuius/Scirpus acutus c.L
This community type was represented by 11 plots located at the Blacktail Deer Lake area, and along Bunsen 
Peak Road about 1 km east of Mammoth. Plots occurred in and around glacial ponds at elevations ranging 
from 1,815 to 2,010 m. Many of the plots were located near travertine deposits in the Mammoth area.
Most soils were Histosols, with organic horizons ranging from 30 cm to greater than 120 cm. Mineral 
horizons encountered below the organic horizons commonly included gleyed silts derived from volcanic ash. 
Gleyed horizons occurred at depths of 18 to 45 cm.
Water tables were uniformly high at the beginning of summer and varied widely throughout the rest of the 
season. Conductivity of soil water was extremely high (1200-1600 umhos) due to carbonate dissolving 
from the surrounding geologic terrain. Soil and soil water pH values were moderately alkaline and ranged 
from 7.4 to 8.2. Dissolved oxygen concentrations ranged from 2.4 to 2.5 ppm. Temperatures were among 
the highest for wetlands studied, ranging from 2I°C  in July and August to 11 and 13®C in June. The slow 
moving ground water at these sites stored heat throughout the summer. Water tables were high in June and 
fluctuated widely throughout the summer (fig. 2 2 ).
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Figure 22. Water table levels of the SCIACU/SCIACU c.t.
13. Car ex simulata/Carex simulata c.t.
This community type occurred in very wet soils at the center of filled glacial ponds, and surrounding 
springs on very gentle slopes. Soils were saturated throughout the year. Plots were in the Blacktail Deer 
Lakes and Swan Lake areas, and near a hillside spring 500 m south of the Lamar River Bridge. Elevations 
ranged from 1,830 m to 2,165 m.
Soils were Typic Cryofibrists and Cryohcmists. Organic surface horizons ranged from 30 to 120 cm thick. 
Soil pH was neutral (6 . 8  - 7.1). Mineral horizons were fine textured, ranging from silt to clay loam and 
were derived from volcanic ash. Soils were gleyed at depths from 50 to 75 cm, with the greater depths 
occurring where organic horizons were thicker.
Soil water pH was slightly acid, ranging from 6.2 to 7.2. Conductivities varied widely, ranging from 230 
to 920 umhos. Early summer dissolved oxygen concentrations ranged from 0.7 to 2.2 ppm.
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The soils were among the warmest encountered among wetland community types, ranging from 18 to 20°C 
in July and August and 13 to 15®C in June and September. Water tables were within 20 cm of the soil 
surface for much of the summer (fig. 23).
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Figure 23. Water table levels of the CARSIM/CARSIM c.t.
14. Carex rostrataJCarex rostrata c.L
This is a very common community type throughout the northern range, occurring in all geographic 
settings. Plots were between 1,750 m and 2,250 m in elevation. It occurred both on sites having high 
water tables throughout the summer and on sites that were dry by mid-June and remained dry throughout the 
summer (fig. 24).
Plots of this community type occurred on ten different soil family types. These included sandy textured 
Entisols, Histosols with over 120 cm of organic matter accumulation, and Mollisols that had textures
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ranging from sandy loam to loamy clay that were from 40 cm to greater than 120 cm thick. Most mineral 
horizons showed mottling and gleying at depths of 30 to 65 cm.
A wide range of soil water pH, conductivity, dissolved oxygen concentrations and soil temperatures were 
encountered. Soil water pH values ranged from 6.0 to 7.2. Conductivities ranged from 270 to 2000 
umhos. Dissolved oxygen concentrations ranged from 0 to 3.8 ppm. Temperatures ranged from 10 to 
22°C.
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Figure 24. Water table levels of the CARROS/CARROS c.t.
15. Carex rostratalCarex aquatilis c .t
This community type was represented throughout the northern range at elevations of 1,830 m to 2,160 m. 
Plots were most commonly associated with flood plains of meandering streams and rivers, flat saturated 
areas by springs, and filled-in glacial and beaver ponds.
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Soils were mostly Histosols; Mollisols and Entisols also occurred. Textures ranged from loamy clay to 
loamy sand. Soil thicknesses were from 30 cm to greater than 120 cm. Gleying occurred in mineral 
horizons at depths of 50 cm to 60 cm, or lower if organic matter was thicker than 60 cm. Soils were 
mostly acid, but ranged in value from pH 5.9 to 7.4.
Conductivity of soil water was usually moderate (240 to 440 umhos), but varied from 220 to 900. 
Dissolved oxygen concentrations in early summer were from 0.6 to 2.1 ppm. Soil temperatures were 
moderate, ranging from 13 to 16°C in July and August and 10 to 12%  in June and September. Water 
tables were within 2 0  cm of the soil surface for much of the summer, falling to depths no greater than 60 
cm late in September (fig. 25).
KEY
wettest plot
mean of 
all plots
driest plot
n=6
Mean is estimated from 
tensiometer data where 
water levels are below 
one meter.
s*t=
1
i
sc
IO
+20
E
c  -20
-40«
I
o
:
1=3V>
-60
-80
-100
E moist 
o
8
J
Jg dry
June July August Sept.
Figure 25. Water table levels of the CARROS/CARAQU c.t
16. Carex rostrata/Deschampsia cespitosa c.t.
This is a minor community type that occurred in saturated flood plains and in the center of moist glacial
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depressions. The five plots were located in the Blacktail Deer Lake, Lamar Valley, and Swan Lake area and 
ranged in elevation from 2,030 to 2,210 m.
Soils included Histosols in flood plains and glacial ponds and wet Entisols adjacent to springs on gentle 
slopes. Soil textures ranged from silt loam to clay and organic horizons ranged from 25 to 53 cm in 
thickness. The Histosols had organic horizons thicker than 120 cm and were slighdy acid (6.2 - 6 .8 ). The 
Entisols showed very little development and were only 10 cm deep, including 5 cm of organic matter. 
These soils were slightly alkaline (pH 7.3 - 7.8) and formed on granitic gravel and cobbles and were gleyed 
at depths of 8  cm.
Soil water from Histosols was slightly acid (pH 5.7 to 6.9). Conductivities ranged from 260 to 590 
umhos. Early summer dissolved oxygen concentrations ranged from 1.4 to 2.1 ppm. Temperatures ranged 
from 11°C to 18°C for the Histosols and 129C to 14°C for the Entisols. Water tables generally remained 
within 20 cm of the soil surface throughout the summer, never falling below 50 cm (fig. 26).
KEY
wettest plot
mean of 
all plots
driest plot
n=4
Mean is estimated from 
tensiometer data where 
water levels are below 
one meter.
<D
'C3in
s
Eo
01
b
.o
«
I
+20
i
c  -2 0
a>
.o
S
-40Î
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Figure 26. Water levels of the CARROS/DESCES c.t.
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17. Carex aquatilislDeschampsia cespUosa c.t.
This community type occurred on gravel bars, banks of small lakes and meandering streams, and wet flood 
plains throughout the northern range. The nine plots ranged from 1,900 to 2,225 m in elevation. Soils 
included Histosols, wet Mollisols, and thin Entisols. Soils were from 10 cm to greater than 120 cm thick. 
Organic horizons were thin (up to 25 cm) or absent. Gleying occurred at 8  cm in the Entisols and from 40 
cm to 75 cm in the other soils. Soil textures ranged from sandy loam to clay. Soil pH values were neutral 
(6.9).
Soil water pH ranged from 6.4 to 7.4. Conductivities ranged from 300 to 1100 umhos. Temperatures of 
these soils were low, varying from 15 and 16®C in July to 10®C in June. Water tables were near the soil 
surface at the beginning of summer and fluctuated widely throughout summer (fig. 27).
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Figure 27. Water table levels of the CARAQU/DESCES c.t.
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18. Poa palustris/Agrostis alba c.t.
This community type occurred extensively in the broad, flat flood plains along the Lamar River and Soda 
Butte Creek. It also occurred in oxbow lakes of meandering streams, glacial depressions, and on slopes 
surrounding springs. Elevations ranged from 1,830 to 2,070 m.
Soils were Mollisols and Entisols ranging from 20 cm to 85 cm thick. Organic horizons were only present 
on a few of the plots, and were only 4 cm thick. Soil textures ranged from sandy loam to clay loam. Soils 
were moderately alkaline (pH 7.6-7.8 ).
Soil temperatures were highest in July and August at 16 to 21°C and coolest in June and September at 12 
to 15®C. Water tables at most plots were about 60 cm in the beginning of summer and fell steadily 
throughout summer (fig. 28).
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Figure 28. Water table levels of the POAPAL/AGRALB c.t.
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19. Deschampsia cespitosaUuncus balticus c.t.
This community type occurred throughout the northern range on moist, broad meadows and on nearly level 
stream terraces. Plots were located at elevations from 1,935 to 2,165 m.
Soils were mostly Mollisols, ranging from 80 cm to greater than 120 cm thick. Soil textures ranged from 
clay loams and sût loams to silty clays. Organic matter content of surface horizons ranged from 7% to 9%. 
Soils were slightly alkaline, with pH values from 8.2 to 7.6. Gleying was uncommon, but did occur at a 
depth of 51 cm in one of the plots.
Soil water pH ranged from 7.0 to 7.8, and conductivities were between 950 and 1400 umhos. Early 
summer dissolved oxygen concentrations ranged from 0.3 to 2.5 ppm. Temperatures were highest in July 
and August at 17 to 18®C, and coolest in June and September at 11 to 13®C. Water tables varied greatly 
among the different plots. All were dry at the surface towards the end of summer (fig. 29).
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20. Juncus ballicusfPoa pratensis c.t.
This community type occurred on drier soils throughout the northern range. Plots ranged from 1,525 to 
1,980 m in elevation. Soils were Entisols and Mollisols ranging in thickness from 20 cm to greater than 
120 cm thick. Soil textures varied from silt to sandy loam. Organic horizons were present at only a few 
plots and averaged 3 cm thick. Organic matter content of the surface A horizons ranged from 8 % to 10%. 
None of the soils were gleyed or mottled. Soil pH was 7.8.
Soil water chemistry was sampled at only one plot. Soil water pH was 6 . 6  and conductivity was 2000 
umhos. Early summer dissolved oxygen concentration was low (0.4 ppm). Soil temperatures were higher 
than for most community types studied. High temperatures occurred in July and August and ranged from 18 
to 22°C, and low temperatures occurred in June and were from 12 to 18°C. Water tables were generally 
greater than 1 m below the soil surface (fig. 30).
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21. Elymus cinereus/Poa pratensis c.t.
This community type occurred on active flood plains along the Gardner River between Mammoth and the 
north entrance to the park at elevations ranging from 1,710 to 1,860 m.
Soils ranged from Entisols to Mollisols. They were from 32 cm to 70 cm thick and formed on sand and 
gravel. Soil textures ranged from loam to sandy loam. Soils were alkaline, with pH values ranging from 
7.8 to 8.2.
Soil temperatures were among the highest and remained from 18 to 23®C throughout the summer. Water 
tables at most of the plots were below 1 m throughout the summer (fig. 31).
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CONCLUSIONS
Each of the 21 major community types of the northern range was associated with certain of five geographic 
settings that included talus deposits, areas along rivers, springs on slopes, beaver ponds, and glacial ponds. 
Environmental factors that influenced the distribution of community types in different geographic settings 
include soils, water levels, age of the wetland, and frequency of flooding. Community types occurring 
along high-energy rivers included those dominated by Ficea spp., Salix exigua, and Elymus cinereus.
Broad, low energy flood plains contained a wide diversity of communities including types dominated by 
Carex spp., Salix wolfii, Potentillafruticosa, Juncus balticus, Deschampsia cespitosa, and Poa palustris. 
Wetlands that occurred on talus deposits contained only a limited number of community types. These were 
dominated by Eleocharis acicularis, Carex rostrata, Deschampsia cespitosa, and Juncus balticus. Beaver 
pond wetlands were dominated by Potentilla fruticosa and Carex spp. Wetlands surrounding springs on 
toe slopes had a broad diversity of community types that were dominated by Populus tremuloides, Salix 
spp., Potentilla fruticosa, Carex spp., Scirpus acutus, Juncus balticus, and Deschampsia cespitosa. 
Spring-fed wetlands occurring within exclosures tended to be dominated by Populus tremuloides and Salix 
spp. Wetlands adjacent to exclosures were mostly dominated by Carex spp. and Juncus balticus.
The 21 major wetland community types of the northern range had a wide range of physical and chemical 
properties. While soil texture, depth of organic surface horizon, depth to gleyed and mottled horizons, 
temperature, and depth to confining layers varied within different plots of the same community types, these 
environmental factors were characteristic of each community types. Soil pH was less obviously the cause 
of spatial variation among wetland communities. No relationship could be discerned between soil parent 
material and spatial variations in wetland plant communities, due to the extreme mixing of glacial and 
alluvial deposits that has occurred in the recent geologic past.
Variations in water tables were closely related to wetland vegetation distribution. Within a single wedand 
containing similar soils and a common source of water, communities occurred in a sequence along a 
moisture gradient. Actual water levels of each community type were different in different wetland 
environments, but the sequence of community types from wettest to driest typically remained the same.
Measurements o f soil water chemistry did not detect any relationships to community type distribution in 
the wetlands of the northern range. All of the plots sampled had very low dissolved oxygen concentrations 
in June. By August, virtually every plot had much higher concentrations (a typical change was from 
concentrations of 0.6 ppm in June, to a concentration of 6.4 ppm). A more accurate way to determine the 
degree of anoxia in soils is through depth to water tables and depth to gleyed horizons. None of the 
community types had soil or soil water that was strongly acidic or alkaline. Conductivity also seemed 
unimportant in affecting the distribution of wetland plants. As the geology of the northern range is mostly 
igneous and metamorphic, saline concentrations, which are associated with wetlands associated with 
sedimentary rock, were not encountered.
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RECOMMENDATIONS
Further research into the relationships among wetland environments and plant communities should 
concentrate on describing water regimes, soil morphology. Precise determination of each community type's 
tolerance to soil water oxygen concentration, pH, and conductivity would best be determined in controlled 
greenhouse experiments, but may be of limited value in the field, where conditions are dynamic and 
variable.
The influences of grazing and succession upon wetland community type distribution should be further 
studied. Water regimes and soils were similar for paired plots on either side of the exclosures, therefore 
differences in soils and water levels could not account for the marked differences in vegetation that existed 
inside and adjacent to exclosures. Exclosures in the northern range should be maintained and permanent 
plots inside and outside of each exclosure should be monitored. An exclosure protecting a wetland located 
in a glacial pond would be valuable for the study of willow communities, as all current exclosures are 
located at toe slope springs.
Soil type and water table modifiers could be used in developing a classification that is most useful to 
managers. Community types such as CARROS/CARROS and CARAQU/DESCES that occur on both 
mineral and organic soils should be named and managed by their soil properties and water regimes as well as 
their vegetative cover. For example, community types with wet mineral soils occurring on slopes greater 
than 5%, such as SALGEY/CARROS and SALWOL/CARAQU, will be susceptible to soil loss due to 
trampling. Community types that occur within a narrow range of water levels, such as 
SALGEY/CARROS, will respond differently to water level manipulations than community types such as 
CARROS/CARROS that are found under many different water regimes.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
49
LITERATURE CITED
Anderson, P. C., J. M. Montane, and P. B. Lombard. 1985. Root anaerobiosis, root respiration, and leaf 
conductance of peach, willow, quince, and several pear species. Hortscience 20 (2): 248-250.
Armstrong, W., and D. F. Boatman. 1967. Some field observations relating growth of bog plants to 
condition of soil aeration. J. of Ecol. 55:101-110.
Bartlett, R. A. 1985. Yellowstone, a wilderness besieged. University of Arizona Press, Tucson, Arizona. 
437 p.
Black, C. A, 1968. Soil-plant relationships (2nd edition). Wiley, New York. 792 p.
Boggie, R. 1972. Effects of water-table height on root development of Pinus conforta on deep peat in 
Scotland. Oikos 23:304-312.
Broadfoot, W. M. 1967. ShaUow-water impoundment increases soil moisture and growth of hardwoods.
Soil Science Society of America Proceedings. 31:562-564.
Chase, A. 1986. Playing God in Yellowstone. The Atlantic Monthly Press, Boston/New York. 446 p.
Cooper, S. V. and R. D. Pfister. 1986. Wetland plant communities of the northern range, Yellowstone 
National Park: Report of the first study year. Unpublished report submitted to the U.S. National Park 
Service. 40 p.
Cowardin, L. M., V, Carter, F. C. Golet, and E. T. LaRoe. 1979. Classification of wetlands and deepwater 
habitats of the United States. U.S. Fish Wildlife Service FWS/OBS-77/31. 103 p.
Daniels, R. B., E. E. Gamble, and S. W. Buol. 1973. Oxygen content in the ground water of some North 
Carolina aqults and adults. In M. Stelly, R. C Dinauer, and J. M. Hatch (eds.). Field soil regimes. Soil 
Science Society of America, Inc., Madison, Wis. 15 p.
Dansereau, P., and F. Segadas-Vianna. 1952. Ecological study of the peat bogs of eastern North America: 1. 
Structure and evolution of vegetation. Can. Jour. Bot. 30(4): 490-520.
Daubenmire, R. F. 1968. Plant communities: a textbook of plant synecology. Harper and Row, New York. 
300 p.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
50
Dionigi, C. P., I, A. Mendelssohn, and V I. Sullivan. 1985. Effects of soil waterlogging on the energy 
status and distribution of Salix nigra and S. exigua (Salicaceae) in the Atchafalaya River Basin of 
Louisiana. Amer. Jour. Bot. 72 (1); 109-119.
Dirks, R. A., and B. E, Mariner. 1978. The climate of Yellowstone and Grand Teton National Parks. 
Natural Resources Report. Natl. Park Serv., U.S. Dept, of InL 48 p.
Etherington, J. E. 1982. Environment and Plant Ecology (2nd edition). John Wiley and Sons, New York. 
487 p.
Fagerstedt, K. 1984. Comparisons of flooding tolerance in four barley cultivars grown in Finland, and in 
Carex rostrata. Annales Botanici Fennici 21(4);293-298.
Frayer, W. E., T. J Monahan, D. C. Bowden, and F. A. Grayhill. 1983. Status and trends of wetlands and 
deepwater habitats in the conterminous United States, 1950's to 1970's. Department of Forest and Wood 
Services, Colorado State University, Fort Collins, Colo. 59 p.
Gore, A. J. P. 1961. Factors limiting plant growth on high-level blanket peat. 1. Calcium and Phosphate.
J. Ecol. 49:399-402.
Hansen, P. L., S. W. Chadde, S. V. Cooper, and R. D. Pfister. 1987a. Wetland plant communities of the 
northern range, Yellowstone National Park: third approximation. Unpublished report. School of 
Forestry, University of Montana. 41 p.
Hansen, P. L., S. W. Chadde, and R. D. Pfister. 1987b. Riparian dominance types of Montana, review 
draft Montana Riparian Association, School of Forestry, University of Montana, Missoula, MT. 358 p.
Harris, S. W., and W. H. Marshall. 1963. Ecology of water-level manipulations on a northern marsh. 
Ecology 44:331-343.
Heinselman, M. L. 1963. Forest sites, bog processes, and peailand types in the glacial Lake Agassiz 
region, Minnesota. Ecol. Monogr. 33:327-374.
Heinselman, M. L. 1970. Landscape evolution, peatland types, and the environment in the Lake Agassiz 
Peatlands Natural Area, Minnesota. Ecol. Monogr. 40:235-261.
Hook, D. D., and R. M. M. Crawford (eds.). 1978. Plant life in Anaerobic Environments. Ann Arbor 
Science Publishers Inc., Ann Arbor, Ml. 564 p.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
51
Horwitz, E. L. 1978. Our nations wetlands. Council on Environmental Quality interagency task force 
report. U.S. G ovt Printing Office, Washington D C.
Houston, D. B. 1982. The northern Yellowstone elk. Macmillan Publishing Co. Inc., New York. 474 p.
Jeglum, J. K. 1971. Plant indicators of pH and water level in peatlands at Candle Lake, Saskatchewan. Can. 
Jour. Bot. 49:1661-1676.
Jonas, R. J. 1955. A population and ecological study of the beaver (Castor canadensis) of Yellowstone 
National Park. M.S. Thesis, University of Idaho, Moscow. 193 p.
Jones, U. S. 1982. Fertilizers and soil fertility. Reston Publishing Co., Reston, Virginia. 421 p.
Johnson, R. R., and D. A. Jones, technical coordinators. 1978. Importance, preservation, and management 
of riparian habitat: a symposium. USDA For. Ser. Gen. Tech. Rep. RM-43. Fort Collins, Colorado.
218 p.
Keefer, W. R. 1972. Geologic story of Yellowstone National Park. U.S.G.S. Bulletin 1327. Washington 
D C.: U.S. Govt. Printing Office. 92 p.
Kelly, J. C., T. M. Burton, and W. R. Enslin. 1985. The effects of natural water level fluctuations on N 
and P cycling in a Great Lakes marsh. Wetlands 4:159-176.
Kononova, M. M. 1961. Soil Organic Matter (translated from Russian). Pergamon Press, New York.
450 p.
Langenheim, J. F. 1962. Vegetational and environmental patterns in the Crested Butte area, Gunnison 
County, Colorado. Ecol. Monogr. 32:249-285.
Loach, K. 1968. Relations between soil nutrients and vegetation in wetheaths. II. Nutrient uptake by the 
major species in the field and in controlled conditions. J. Ecol. 56:117-127.
Lucas, R. E. and J. F. Davis. 1961. Relationships between pH values of organic soils and availabilities of 
12 plant nutrients. Soil Sci. 92:177-182.
Mattson, D. J. 1984. Classification and environmental relationships of wetland vegetation in central 
Yellowstone National Park, Wyoming. Moscow, ID. University of Idaho; M.S. Thesis, unpublished. 
409 p.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
52
Miller, J. B. 1973. Vegetation changes in shallow marsh wetlands under improving moisture regime. Can. 
Jour. Bot. 51:1443-1457.
Moore, P. D., and P. D. Bellamy. 1974. Peatlands. Springer-Verlag, New York. 222 p.
Mueller-Dombois, D. and H., EUenberg. 1974, Aims and methods of vegetation ecology. John Wiley and 
Sons, Inc. New York. 547 p.
Mutz, K. M. and J. Queiroz. 1983. Riparian community classification for the Centennial Mountains and 
South Fork Salmon River, Idaho. Unpublished report Contract 53-84M8-2-0048. Meiiji Resource 
Consultants, Layton, Utah. 170 p.
National Oceanic and Atmospheric Administration. 1979. 91 years of weather records at Yellowstone 
National Park, Wyœning: 1887-1977. National Climate Center. Asheville, N.C.
Nimlos, T. J. 1987. Riparian soils. Unpublished paper. School of Forestry, University of Montana, 
Missoula, MT. 4 p.
Norton, B. E., J. Tuhy, and S. Jensen, 1981. Riparian community classification of the Grey’s River, 
Wyoming. Unpublished report Department of Range Science, Utah State University, Logan, Utah.
188 p.
Office of Technology Assessment. 1984. Wetlands: their use and regulation. OTA-0206. Washington. D C.
208 p.
Pierce, J. and J. Johnson. 1986. Wetland community type classification for west-central Montana. Review 
draft. USDA Forest Service, Northern Region. 157 p.
Ponnamperuma, F. N. 1972. The chemistry of submerged soils. Adv. Agron. 24:29-96.
Priban, K. and J. P. Ondak. 1978. Microclimate and évapotranspiration in two wet grassland communities. 
Folia Geobot. Phytotax. 13:113-128.
P'yavchenko, N. I. 1964. Peat bogs of the Russian forest-steppe. (Transi, from Russian). Israel Program for 
Scientific Translations, Jerusalem. 156 p.
Richmond, G. M. 1972a. Geologic map of Yellowstone National Park. USGS Misc. Geologic 
Investigations Map 1-711.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
53
Richmond, G. M. 1972b. Sutficial geologic map of Yellowstone National Park. USGS Misc. Geologic 
Investigations Map 1-710.
Rowell, D. L. 1981. Oxidation and reduction. The chemistry of soil processes, D J. Greenland and M.H.B. 
Hayes editors. John Wiley and Sons, Ltd. New York. 401-461 p.
Ruppel, E. T. 1972. Geology of pre-Tertiary rocks in the northern part of Yellowstone National Park, 
Wyoming. USGS Professional Paper 729-A. 6 6  p.
Shaver, G. R., F. S. Chapin, III, and W.D. Billings. 1979. Ecotypic differentiation in Carex aquatilis on 
ice-wedge polygons in the Alaska coastal tundra. USA. J. Ecology 67(3): 1025-1046.
Shaw, S . P. and C. G. Fredine. 1956. Wetlands of the United States; their extent and their value to 
waterfowl and other wildlife. U.S. Fish and Wildlife Service, Circular 39.67 p.
Shul'gin, A. M. 1965. The temperature regimes of soils. (Transi, from Russian). Israeli Program for 
Scientific Translations Ltd., Jerusalem, Israel. 218 p.
Singleton, P. L. 1984. Installation of PVC piping for soil water table observations. New Zealand SoU 
Bureau Scientific Report 61. Department of Scientific and Industrial Research, Lower Hutt, New 
Zealand. 12 p.
Sjors, H. 1950. On the relationship between vegetation and electrolytes in north Swedish mire waters. 
Oikos 2(2):241-256.
Slack, N. G., D. H. Vitt, and D. G. Horton. 1980. Vegetational gradients of minerotrophically rich fens in 
western Alberta. Can. J. Bot. 58:330-350.
Small, E. 1972. Ecological significance of four critical elements in plants of raised sphagnum peat bogs. 
Ecology 53(3):498-503.
Soil Survey Staff. 1975. Soil taxonomy. USDA-SCS Agric. Handbook No. 436. 754 p.
Sparling, J. H. 1966. Studies on the relationship between water movement and water chemistry in mires. 
Can. J. Bot. 44:747-758.
Steele, R., S. V, Cooper, D. M. Ondov, D. W. Roberts, and R. D. Pfister. 1983. Forest habitat types of 
eastern Idaho-western Wyoming. USDA For. Serv. Gen. Tech. Rep. INT-144. Ogden Utah. 122 p.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
54
Steele, R., R. D. Pfister, R. A. Ryker, and J. A. Kittans. 1981. Forest habitat types of central Idaho. 
USDA For. Serv. Gen. Tech. Rep. INT-114. Ogden, Utah. 138 p.
Sturges, D. L. 1967. Water quality as affected by a Wyoming mountain bog. Water Resour. Res. 3:1085- 
1089.
Teskey, R. O. and T. M. Hinckley. 1977. Impact of water level changes on woody riparian and wetland 
communities; Vol. I: plant and soil responses to flooding. FWS/OBS-77/58. 31 p.
Timer, R. W. 1984. Wetlands of the United States: current status and recent trend. U.S. Dept, of Int., Fish 
and Wildlf. Serv. 59 p.
Trettin, C. C. 1986. Characterization of soils in Yellowstone National Park. Project Report CX-1200-1- 
B027.
Tuhy, J. S. 1981. Stream bottom community classification for the Sawtooth Valley, Idaho. M.S. Thesis, 
University o f Idaho, Moscow. 230 p.
Tuhy, J. S., and S. Jensen. 1982. Riparian community classification for the upper Salmon^liddle Fork 
Salmon River drainages, Idaho. Report to USDA Forest Service, Intermountain Region, Ogden, Utah. 
185 p.
USDI Fish and Wildlife Service. 1981. Riparian ecosystems: their ecology and status. FWS/OBS-81/17. 
Keameysville, West Virginia. 155 p.
USDI Fish and Wildlife Service. 1982. Status and trends of wetlands and deepwater habitats in the 
conterminous United States, 1950’s to 1970's. Washington D C. 18 p.
USDA Forest Service. 1984. Riparian wildlife resume. U.S.F.S. Intermountain Region, Ogden, Utah.
28 p.
Verry, E. S. 1975. Stream flow chemistry and nutrient yields from upland peatland watersheds in 
Minnesota. Ecology 56:1149-1157.
Vitt, D. H. and N. G. Slack. 1975. An analysis of Sphagnum-dominated keltlehole bogs in relation to 
environmental gradients. Can. Jour. Bot. 53:332-359.
Walker, D. A. and C. F. Wehrhahn. 1971. Relationships between derived vegetation gradients and measured 
environmental variables in Saskatchewan wetlands. Ecology 52(l):83-95.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
55
Walters, A. M., R. O. Teskey, and T. M. Hinckley. 1980. Impact of water level changes on woody riparian 
and wetland communities, vol. 8 , Pacific Northwest and Rocky Mountain Regions. U.S. Fish and 
Wildlife Service. FWS/OBS-78/94. 46 p.
Weller, M. W. 1981. Freshwater marshes - ecology and wildlife management. University of Minnesota 
Press, Minneapolis. 147 p.
Wheeler, G. A., P. H. Glazer, E. Gorham, C. M. Wetmore, F. D. Bowers, and J. A,. Janssen. 1983. 
Contributions to the flora of the Red Lake Peatland, Norther Minnesota, with special attention to 
Carex. American Midland Naturalist 110 (1): 62-96.
Williams, B. L. 1974. Effects of water-table level on nitrogen mineralization in peat. Forestry 47: 195-202.
Windell, J. T., B. E. Willard, D. J. Cooper, S. Q. Foster, C. F. Knud-Hansen, L. P. Rink, and G. N. 
Kiladis. 1986. An ecological characterization of rocky mountain montane and subalpine wetlands. U.S. 
Fish and WUdl. Serv. Biol. Rep. 86(11). 298 p.
Young, D. E., I. C. Burke, and D. E. Knight. 1985. Water relationships of high elevation phreatophytes in 
Wyoming. American Midland Naturalist 114 (2):394-392.
Youngblood, A. P., W. G. Padgett, and A. H. Winward. 1985. Riparian type classification of eastern 
Idaho-western Wyoming. U.S. Forest Service R4-Ecol-85-01. 78 p.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
56
APPENDICES
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
57
APPENDIX A
SOIL FEATURES OF WETLAND COMMUNITY TYPES OF THE NORTHERN RANGE,
YELLOWSTONE NATIONAL PARK.
Table A-1.
PICEA/ PICEA/ POPTRE/
EQUARV CALAMA ROSA
SALWOL/ SALGEY/ SALGEY/ 
CARAQU GARROS DESCES
N=
SOIL
TAXONOMY
Entisols
Fluvaquent 
Thapto Histic 
Typic 
Cryofluvent 
Aquic 
Mollic 
Typic 
Crycrthent 
Typic 
Inceptisols 
Cryaquept 
Histic 
Histosols 
Tenicl 
Typicl 
Mollisols 
Cryaquolls 
Argic 
Histic 
Typic 
Cryoborolls 
Andeptic 
Aquic 
Argic 
Cumulic 
Typic
3
2
1
2
1
4
2
1
2
1
2
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Table A - 1  (continued).
PICEA/
EQUARV
PICEA/
CALAMA
POPTRE/
ROSA
SALWOL/
CARAQU
SALGEY/
CARROS
SALGEY/
DESCES
Depth to (cm):
Confining layer 30-60 28>120 > 1 2 0 27>120 33-75 45-55
Mottles 36-52 35-40 - 30^0 - 30-35
Gley 57-62 55-60 66-75 45-55 20-45 50-60
Depth of (cm):
Organic layer 3-17 4 ^ 0 2 - 1 0 0-105 0-5 0-5
SOIL WATER
pH 6.26.4 - 6.S-7.4 6.4-6.S 7.37.8 7.3-8.0
Conductivity (umhos) 120 - 320-500 280-500 380-650 420-1200
Dissolved O2  (ppm)2 0.7 - 0 . 6 0.7 0 . 8 0.7
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SALEXI/
AGRALB
POTFRU/
DESCES-S
POTFRU/
DESCES
ARTCAN/
DESCES
ELEACI/
CARUNI
SCIACU/
SCIACU
N=
SOIL
7 6 9 5 3 7
TAXONOMY
Entisols
Cryaquent
Anrtequeptic - - - - - 1
Cryofluvent
Mollic 3 - - - - -
Typic - 1 - - - -
Histosols
Typicl - 3 - - - 9
Mollisols
Cryaquolls
Argic 1 - - - - -
Cryoborolls
Aquic - 1 - - - -
Argic - - 2 - 3 -
Cumulic - 2 3 4 - -
Typic - - 6 - - -
Depth to (cm):
Confining layer 8-29 55-85 30-50 > 1 2 0 30-35 > 1 2 0
Mottles - - 40-50 - - -
Gley 70 45 50-60 - - -
Depth of (cm):
Organic layer 0 0-9 0-17 0 0 0 > 1 2 0
SOIL WATER
pH - 7.4-7.6 6.5-7.2 6.46.9 - 7.4-8.2
Conductivity (umhos) - 840-1100 360^40 - 1200-1600
Dissolved O2  (ppm)2 - 0.9 - 2.4-2.5
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CARSIM/ CARROS/ 
CARSIM CARROS
CARROS/ CARROS/ CARAQU/
CARAQU DESCES DESCES
N=
SOIL
TAXONOMY 
Entisols 
Cryaquents 
Typic 
Fluvaquent 
Andaquq)tic 
Mollic 
Typic 
Cryofluvent 
Aquic 
Typic 
Cryorthent 
Aquic 
Inceptisols 
Cryaquept 
Histic 
Histosols 
Terricl 
Typicl 
Fluvaquentic 
Cryofibrist 
Mollisols 
Cryaquolls 
Argic 
Cumulic 
Histic 
Typic 
Cryoborolls 
Argic 
Cumulic 
Andeptic 
Depth to (cm): 
Confining layer
32 17 9
2
1
6
50-120
2
2
2
30>120
3
15
2
8
3
1
2
1
2
30>120 10>120 10^120
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Table A-3 (continued).
CARSIM/
CARSIM
CARROS/
CARROS
CARROS/
CARAQU
CARROS/
DESCES
CARAQU/
DESCES
Moitiés - 25 - - 60
Gley
Depth of (cm);
50-75 40 58 8-90 40-70
Organic layer 
SOIL WATER:
30>120 0 > 1 2 0 36-115 5-53 0-25
pH 6.2-7.2 6.0-7.2 5.9-7.4 56-6.9 6.4-7.3
Conductivity (umhos) 230-920 270-2000 220-900 260-590 300-1100
Dissolved O2  (ppm)2 0.7-2.2 0.0-3.8 0 .6 -2 . 1 1.4-2.1 0.1-1.3
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Table A-4.
POAPAL/
AGRALB
DESCES/
JUNBAL
JUNBAL/
POAPRA
ELYMUS/
POAPRA
N=
SOIL
TAXONOMY
Entisols
Cryofluvent
1 1 6 9 4
Mollic - - - 1
Typic
Cryorthent
- - 2 1
Typic
Inceptisol
Cryaquept
4 1 3 1
Histic
Mollisols
Cryaquolls
1
Argic 1 1 1 -
Typic
Cryoborolls
3
Argic * 1 - -
Cumulic 1 - 1 -
Typic 
Depth to (cm):
4 - 2 1
Confining Layer 20-85 80>120 2 0 - 1 2 0 32-70
Mottles 25-30 - - -
Gley
Depth o f (cm):
40 50
Organic layer 
SOIL WATER
0-5 0 - 8 0-3
pH 8 - 2 - - -
Conductivity (umhos) 1 1 0 0 - - -
Dissolved 0% (ppm)^ -
■
Notes:
1. Includes Cryosaprists, Cryohemists, and Cryofibrist great groups.
2. Dissolved oxygen values are in parts per million and represent early summer levels only.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
63
APPENDIX B
Modal soil profiles of major wetland community types o f the northern range, Yellowstone National Park. 
All colors are given for moist conditions. Percent organic matter was determined by ashing.
1. Picea sppJEquisetum arvense c.L 
Plot number 203
Parent material; Andesitic alluvium
Pedon Classification: Typic Cryofluvent
W ater status: Moist throughout some of growing season.
Rooting depth: 41 cm 
Location: Lava Creek flood plain.
Oi 41 to 0 cm. Undecomposed Picea spp. cones, needles, and twigs; pH 6.4; abrupt wavy boundary.
A 0 to 35 cm. Dark reddish brown (5 YR 3/2) sandy loam; pH 7.0; 5% organic matter; clear wavy
boundary.
C 35 to 100+ cm. Very dark gray (10 YR 3/1) coarse gravelly loamy sand; >50% volcanic rock
fragments,
2. Picea sppJEquisetum arvense c.L 
Plot number 202
Parent material: Andesitic alluvium.
Pedon classification: Aquic Cryofluvent
W ater status: Moist throughout growing season, water table 60 to 87 cm below soil surface.
Rooting depth: 8  cm.
Location: Lava Creek flood plain.
Oi 4 to 0 cm. Undecomposed Picea spp. needles; pH 6.4; gradual smooth boundary.
A1 0 to 16 cm. Very dark grayish brown (10 YR 3/2) loam; 5% organic matter; pH 6.4; gradual
wavy boundmy.
A2 16 to 36 cm. Dark grayish brown (10 YR 4/2) sandy loam; pH 8 .8 ; mottles common (5 YR 5/2);
gradual wavy boundary.
B 36 to 57 cm. Dark brown (7.5 YR 3/2) clay loam with common distinct reddish gray (5 YR 5/2)
mottles; 5 % organic matter; gradual wavy boundary.
Btg 57 to 69 cm. Gray (5 YR 5/1) loamy clay with few distinct dark reddish brown (7.5 YR 5/8)
mottles; gradual smooth boundary.
C 69 to 100+ cm. Brown (7.5 YR 5/2) sand; sand derived from volcanic ash.
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3. Picea s^pJCalamagrostis spp.c.L 
Plot number 205
Parent material: Andesitic alluvium.
Pedon classification: Mollic Cryofluvent 
W ater status: Moist throughout growing season.
Rooting depth: 17 cm.
Location: Lava Creek flood plain.
Oi 17 to 0  cm. Dark reddish-brown (5 YR 3/2) with partly decomposed Picea spp. needles, cones, 
and twigs; pH 6.0; gradual wavy boundary.
A 0 to 15 cm. Very dark gray (5 YR 3/1) loam; 17% organic matter; pH 5.8; abrupt wavy boundary.
C l 15 to 24 cm. Dark brown (7.5 YR 4/2) gravel with clay; clear wavy boundary.
Ab 24 to 31 cm. Grayish-brown (10 YR 5/2) silty clay; clear smooth boundary.
C2 31 to 50+ cm. Coarse sand with >50% gravel
4. Picea spp./Calamagrosfis spp. c.t.
Plot number 206
Parent material: Alluvium.
Pedon classification: Typic Cryoboroll
Water status: Slightly moist in early June, then dry throughout summer.
Rooting depth: 40 cm.
Location: Slough Creek flood plain.
Oi 3 to 0 cm. Undecomposed Picea spp. needles, cones, and branches; abrupt smooth boundary.
A1 0 to 25 cm. Very dark gray (10 YR 3/1) loam; 13% organic matter; pH 7.8; temperature 9°C;
distinct wavy boundary.
A2 25 to 41 cm. Black (10 YR 3/1) loam; 6 % organic matter; pH 7.7. temperature 6 °C; clear wavy
boundary.
C l 41 to 98 cm. Dark grayish brown (10 YR 4/2) sandy loam; pH 7.4; temperature 3°C; clear wavy
boundary.
C2 98+ cm. Grayish brown (10 YR 5/2) loamy sand with few distinct yellowish red (5 YR 5/6)
mottles; pH 7.0.
5. Populus angusiifolia/Poa pratensis c.t.
Plot number 212
Parent material: Alluvium.
Pedon classification: Aquic Cryoboroll
W ater status: Slightly moist in early June; dry for rest of summer.
Rooting depth: 11 cm.
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Location: Lamar River flood plain.
A l 0  to 11 cm. Dark brown (7.5 YR N 3/2) sandy loam; 4% organic matter; pH 7.8; temperature
14% ; clear smooth boundary.
A2 11 to 93 cm. Dark grayish brown (10 YR 4/2) sandy loam; pH 7.4; temperature 9 % ; clear wavy
boundary.
C l 93 to 97 cm. Gravel; clear abrupt boundary.
Ab 97 to 104 cm. Very dark grayish brown (10 YR 3/2) sandy loam; clear wavy boundary.
C2 104+ cm. Gravel.
6 . Populus tremuloides/Rosa spp. c.t.
Plot number 1 12
Parent material: Alluvium.
Pedon classification: Typic Cryaquent.
Water status: Always saturated.
Rooting depth: 25 cm.
Location: Spring by Lamar River bridge on the Lamar River flood plain.
Ce 9 to 0  cm. Black, well decomposed plant material; pH 7.2; temperature 13% ; gradual wavy
boundary.
A 0 to 11 cm. Very dark brown (10 YR 2/2) sandy loam; 8  % organic matter; pH 7.8; temperature
13% ; contains granules of andésite; gradual wavy boundary.
Oabl I I  to 21 cm. Black (10 YR 2/1) sapric,49% organic matter; pH 7.0; temperature 13% ; clear
wavy boundary.
Ab 21 to 71 cm. Black (10 YR 2/1) loam; 12% organic matter; pH 6.7; temperature 12% .
Oab2 71 to >100 cm. Black (10 YR 2/1) sapric. 30% organic matter; pH 6.9.
7. Salix wolfiUCarex aquatilis c.t.
Plot number 167
Parent material: Alluvium.
Pedon classiflcation: Typic cryofibrist.
Water status: Saturated throughout summer.
Rooting depth: 40 cm.
Location: Swan Lake Flats.
Oe 0 to 28 cm. Black (5 YR 2.5/1) hemic organic matter, 70%; pH 6.7; temperature 11% .
Oi 28 to 70 cm. Dark brown (7.5 YR 3/4) fibric organic matter, 41%; pH 6.7; temperature 11% .
œ  70 to 104 cm. Very dark gray (10 YR 3/1) organic matter and clay; pH 6.7.
B 104 to >120 cm. Black (5 YR 2.5/1) clay loam; pH 7.0.
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8 . Salix wolJîi/Deschantpsia cespitosa c.t.
Plot number 6 .
Parent material; Kame sand and gravel deposits.
Pedon classification: Typic Cryoboroll.
W ater status: Moist in early June, then dry throughout summer.
Rooting depth: 37 cm.
Location: Glacial gravel deposits surrounding Swan Lake.
A 0 to 37 cm. Black {5 YR 2.5/1) loam; organic matter content 10%; pH 7.3; temperature 15®C;
contains 15% granitic granules.
C 37+ cm. Subangular cobbles, gravel, and granules of granite.
9. Salix geyeriana/Carex rostrata c.t.
Plot number 219
Parent material: Kame sand and gravel.
Pedon classification: Typic CryaquoU.
Water status: Saturated throughout year.
Rooting depth: 10 cm.
Location: Hillside spring in Lamar Valley exclosure.
O 3 to 0 cm. Very dark brown (10 YR 2/2) partially decomposed plant material; abrupt wavy
boundary.
A1 0 to 9  cm. Very dark brown (10 YR 2/2) clay loam; pH 7.4; 14% organic matter, temperature
9®C; gradual wavy boundary.
A2 9 to 17 cm. Black (10 YR 2/1) silt loam; pH 7.3; gradual wavy boundary.
ACg 17 to 77 cm. Dark yellowish brown (10 YR 4/4) sandy loam with 20% gravel; abrupt smooth
boundary.
C 77+ cm. Gravel.
10. Salix geyeriana/Deschampsia cespitosa c.t.
Plot number 37
Parent material: Basaltic glacial till and volcanic ash.
Pedon classification: Andeptic Cryoboroll.
W ater status: Saturated throughout summer.
Rooting depth: 30 cm.
Location: Hillside spring in Junction Butte exclosure.
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Oi 8  to 4 cm. Dark reddish brown (5 YR 2.5/2) partly decomposed plant matter; clear smooth
boundary.
Oe 4 to 0 cm. Dark reddish brown (5 YR 3/2) hemic organic material; pH 7.9; temperature 17°C;
gradual wavy boundary.
A 0  to 28 cm. Black (5 YR 2.5/1) clay loam; 18% organic matter; pH 7.0; clear wavy boundary.
AC 28 to 60 cm. Very dark grayish brown (10 YR 3/2) sandy clay loam with 40% basalt gravel and
common, distinct, light greenish gray (5 G 7/1) mottling; pH 7.0; abrupt wavy boundary.
Cg 60 to 100+ cm. Light greenish gray (5 G 7/1) sandy clay, volcanic ash with . common, distinct,
brown (7.5 YR 4/6) mottling; pH 7.8.
1 1 . Salix exigualAgrostis alba c.t.
Plot number 152
Parent material: Alluvium.
Pedon classification: Mollic Cryofluvent.
Water status: Dry throughout summer.
Rooting depth: 18 cm.
Location: Gardner River flood plain; four km north of Mammoth.
A 0 to 18 cm. Very dark grayish brown (10 YR 3/2) sandy loam; 5% organic matter, pH 7.7; abrupt
wavy boundary.
C 18+ gravel, cobbles and boulders.
12. Potentilla fruticosa/Deschampsia cespitosa c.L, Salix phase
Plot number 272
Parent material: Basaltic glacial till.
Pedon classification: Argic Cryoboroll.
Water status: Moist throughout most of summer.
Rooting depth: 4 cm.
Location: Outside Junction Butte exclosure.
O 4 to 0 cm. Very dark brown (10 YR 3/2) partly decomposed plant material; pH 8.4; clear wavy
boundary.
A 0 to 4 cm. Very dark gray (10 YR 3/1) loam; pH 8.0; temperature 17°C; gradual wavy boundary.
B 4 to 36 cm. Black (10 YR 2/1) clay loam; 14% organic matter; pH 8.0; temperature 17°C; abrupt
wavy boundary.
BC 36 to 42 cm. Light brownish gray (10 YR 6/2) sandy loam with 50% basaltic rock fragments; pH
7.5; temperature 16®C; abrupt wavy boundary.
C 4 2 + cm. Gravel, cobbles, and boulders of basalt.
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13. Artemisia cana/Deschampsia cespitosa c .t  
Plot number 301
Parent material: Granitic glacial till.
Pedon classification: Typic Cryoboroll.
Water status: Dry throughout summer.
Rooting depth: 65 cm.
Location: On glacial deposits sloping down to Glen Creek at Swan Lake Flats.
A 0 to 65 cm. Very dark brown (10 YR 2/2) sandy loam; 6% organic matter; pH 6 .6 ; temperature
13®C; gradual wavy boundary.
C l 65 to 83 cm. Coarse sand with granitic gravel and cobbles; gradual wavy boundary.
C2 83 to 120+ cm. Grayish brown (19 YR 5/2) medium sand; pH 7.4; temperature 11®C; saturated.
14. Potentilla fruticosa/Deschampsia cespitosa c.L 
Plot number 188
Parent material: Basaltic glacial till and talus.
Pedon classification: Argic Cryaquoll.
Water status: Moist in June and July, then dry for rest of summer.
Rooting depth: 10 cm.
Location: 1/4 km east of Floating Island Lake.
O 10 to 0 cm. Dark reddish brown (5 YR 3/2) mostly decomposed plant material; pH 5.7; clear
wavy boundary.
A1 0 to 8  cm. Very dark brown (10 YR 2/2) clay loam; 6 % organic matter; pH 6 .6 ; temperature
14®C; gradual wavy boundary.
A2 8  to 41 cm. Dark brown (7.5 YR 3/2) sandy loam; 3% organic matter; pH 7.4; temperature 12°C;
gradual wavy boundary.
AC 41 to 54 cm. Brown (7.5 R 5/2) sandy loam with few distinct brownish yellow (10 YR 6 /8 )
mottles; pH 7.3; temperature 9°C; contains granules of basalt; gradual wavy boundary.
Cg 54 to 100+ cm. Grayish brown (10 Yr 5/2) sandy clay loam with brownish yellow (10 YR 6 / 8 )
mottling; pH 7.2. >50% basaltic rock fragments.
15 Scirpus acutuslScirpus acutus c.t.
Plot number 58
Parent material: Volcanic ash.
Pedon classification: Andaquepdc Cryaquent.
W ater status: Saturated throughout summer.
Rooting depth: 18 cm.
Location: Kettle lake one km east of Mammoth Hot Springs.
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A 0 to 18 cm. Very dark brown (10 YR 3/2) loam; 6 % organic matter; pH 7.8; temperature 14°C;
contains mollusk shells.
Bg 18 to 44 cm. Gray (10 YR 5/1) loam; pH 7.6; temperature 13% .
Cg 44 to 75+ cm. Light gray (10 YR 7/2) silt loam, volcanic ash; pH 7.6; contains same mollusk
shell as in A horizon, only they are bleached white.
16. Scirpus acutuslScirpus acutus c.L 
Plot number 178
Parent material: Volcanic ash.
Pedon classification: Typic Cryofibrist.
W ater status: Saturated throughout year.
Rooting depth: 40 cm.
Location: Kettle lake one km east of Mammoth Hot Springs.
Oi 0 to 20 cm. Very dark grayish brown (10 YR 3/2) fibric organic matter, 41%; pH 7.9.
Oe 20 to >120 cm. Dark brown (10 YR 3/3) hemic organic matter; pH 7.9.
17. Carex simulata/Carex simulata c.t.
Plot number 116
Parent material: Glacial till.
Pedon classification: Typic Cryofibrist.
W ater status: Saturated throughout year.
Rooting depth: 52 cm.
Location: Spring on hillside 1/4 km east of Lamar River bridge.
0 to 36 cm. Black (10 YR 2/1) fibric organic matter; pH 7.0; temperature 14% . 
36 to 52 cm. Very daik brown (10 YR 2/2) hemic organic matter, 6 8  %; pH 7.1.
Oi 
Oe
C 52 cm+. Rocks.
18. Carex rostrata/Carex rostrata C.L
Plot number 139
Parent material: Alluvium.
Pedon classification: Fluvaquentic Cryofibrist.
Water status: Saturated throughout year.
Rooting depth: 85 cm.
Location: Confluence of Soda Butte Creek and Lamar River.
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A 0 to 24 cm. Dark brown (10 YR 3/3) silt; 5% organic matter; pH 7.2; temperature 12°C; clear
wavy boundary.
B 24 to 34 cm. Dark gray (10 YR 4/1) clay loam; 8 % organic matter; pH 7.0; temperature 11% .
Boundary is clear and wavy.
Ob 34 to 85 cm. Very dark gray (10 YR 3/1) sapric organic matter, 53%; pH 6 .8 ; temperature 10% .
C 85+ cm. Rocks.
19. Carex rostrata/Carex rostrata c.L 
Plot number 165
Parent material: Volcanic ash and rhyolitic alluvium.
Pedon classification; Typic Cryofibrist.
W ater status: Saturated throughout year.
Rooting depth: 34 cm.
Location: Swan Lake Flats; Gardner River flood plain.
011 0 to 34 cm. Very dark brown (10 YR 2/2) undecomposed Carex rostrata plant material; pH 7.9; 
saturated from 10 to 34 cm; temperature 10®C.
Oe 34 to 44 cm. Dark brown (7.5 YR 3/2) hemic material; pH 7.5; saturated throughout;
temperature 10°C.
012 44 to 56 cm. Black (10 YR 2/1) fibric plant material; pH 7.0; saturated throughout; 10% .
Cg 56 to 70 cm. White (10 YR 8/2) silt loam ash layer; pH 7.4; saturated throughout; temperature
9 % ; contains numerous shell fragments.
Ob 70 to >100 cm. Grayish brown (10 YR 5/2) fibrous plant material with some silty ash material
from overlying horizon; pH 7.6; saturated throughout; contains numerous shell fragments.
20. Carex rostrata/Carex rostrata c.t.
Plot number 59
Parent material: Volcanic ash.
Pedon classification: Andaqueptic CryaquenL 
W ater status: Saturated throughout the year.
Rooting depth: 15 cm.
Location: Kettle lake one km east of Mammoth Hot Springs.
Oe 10 to 0  cm. Black (10 YR 2/1) hemic organic matter. 40%; pH 7.7; temperature 11% .
Ag 0 to 22 cm. Grayish brown (10 YR 5/2) clay loam; pH 7.7; temperature 11° ^ ,
Cg 22 to 75+ cm. White (10 YR 8/2) silt loam, volcanic ash; pH 8.1.
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21. Carex rostrata/Carex aqitatilis c.L 
Plot number 209
Parent material: Alluvium.
Pedon classification: Typic Cryohemist.
W ater status: Saturated throughout year.
Rooting depth: 40 cm.
Location: Silted-in beaver pond by Slough Creek.
Oe 0  to 40 cm. Dark reddish brown (5 YR 2.5/2) hemic organic matter, 40%; pH 6.5; temperature
14°C.
A l 40 to 60 cm. Very dark grayish brown (10 YR 3/2) silt loam with 16% sapric organic matter; pH
6.4; temperature 14°C.
A2 60 to 70 cm. Dark gray (10 YR 4/1) sandy loam; pH 6.7; temperature 14®C.
C 70+ cm. Coarse sand.
22. Carex rostrata/Deschampsia cespitosa c.t.
Plot number 170
Parent material: Glacial till.
Pedon classification: Aquic Cryorthent 
Water status: Moist throughout year.
Rooting depth: 6  cm.
Location: Swan Lake Flats.
O 5 to 0 cm. Black (10 YR 2/1) sapric organic material, 20%; pH 7.6; gradual wavy boundary.
A 0 to 10 dm. Very dark grayish brown (10 YR 3/2) sandy clay loam; pH 7.6; contains >50% rock
fragments; gradual and wavy boundary.
C 10+cm. Mostly granitic granules, gravel, and cobbles.
23. Carex aquatilistCarex aqttatilis c.t.
Plot number 169
Parent material: Alluvium and glacial till.
Pedon classification: Typic Cryohemist.
Water status: Saturated throughout year.
Rooting depth: 28 cm.
Location: Swan Lake Flats.
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Oi 0 to 28 cm. Black (5 YR 2.5/1) fibric organic matter, 73%; pH 6.5.
Oe 28 to 51 cm. Dark brown (7.5 YR 3/2) hemic organic matter, 6 8 %; pH 6.3; temperature 11®C.
Oa 51 to 76 cm. Very dark brown (10 YR 2/2) sapric organic matter; pH 6.5.
A 76 to 100 cm. Black (5 YR 2.5/1) clay loam; pH 7.0.
Btg 1(X) to 120+ cm. Dark gray (10 YR 4/1) clay; pH 7.1.
24. Carex aqmtilis/Deschampsia cespitosa c.t.
Plot number 163
Parent material: Alluvium.
Pedon classification: Typic Cryaquoll.
W ater status: Saturated throughout year.
Rooting depth: 63 cm.
Location: Swan Lake Flats.
A 0 to 47 cm. Very dark gray (7.5 YR 3/1) sandy loam; 10% organic matter; pH 6.9; temperature
HOC.
C 47 to 60 cm. Dark gray (7.5 YR 4/1) loamy sand; pH 7.5.
Cg 60 to >100 cm Dark greenish gray (5 G 3/1) loam with few, distinct, dark brown (7.5 YR 4/4)
mottles; pH 8.0.
25. Foa palusiris/Agrostis alba c.t.
Plot number 174
Parent material: Basaltic glacial till.
Pedon classification; Cumulic Cryoboroll.
W ater status: Moist until August.
Rooting depth: 10 cm.
Location: Kettle lake one km east of Mammoth Hot Springs.
Oe 4 to 0 cm. Dark grayish brown (10 YR 4/2) mostly decomposed plant material, 42%; pH 7.8; 
clear wavy boundary.
B 0 to 22 cm. Dark grayish brown (10 YR 3/2) silt loam; 8 % organic matter; pH 7.8; temperature
16°C; gradual wavy boundary.
BC 22 to 40 cm. Very dark grayish brown ( 10 YR 4/2) silt loam; pH 7.6; temperature 14°C;
contains <5% gravel and granules of basalt.
C l 40 to 6 8  cm. Grayish brown (10 YR 5/2) silt, volcanic ash; pH 7.9; temperature 13% ; contains
5 % gravel and granules of basalt; clear wavy boundary.
C2 6 8 + cm. Basalt glacial till.
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26. Deschampsia cespitosaUuncus balUcus c.t.
Plot numbo' 125
Parent material: Alluvium.
Pedon classification: Typic Cryaquoll.
W ater status: Moist throughout most o f summer.
Rooting depth: 10 cm.
Location: Lamar River flood plain in the Lamar Valley.
Oi 7 to 0 cm. Dark brown (7.5 YR 3/2) partly decomposed wganic matter; pH 7.1; abrupt smooth
boundary.
A 0 to 22 cm. Very dark gray (10 YR 3/1) silt loam; 7% organic matter; pH 8.2; temperature 10®C;
gradual wavy boundary.
B 22 to 51 cm. Dark gray (10 YR 4/1) silty clay loam; pH 8.0; temperature 10®C; clear wavy
boundary.
C gl 51 to 120 cm. Brown (10 YR 5/3) loamy sand; pH 8.1. temperature 7®C; gradual wavy boundary.
Cg2 120+ cm. Very dark grayish brown (10 YR 3/2) loamy sand; pH 7.9.
27. Juncus balticus/Poa pratensis c.t.
Plot number 175
Parent material: Basaltic glacial till.
Pedon classification: Cumulic Cryoboroll.
Water status: Dry throughout summer.
Rooting depth: 17 cm.
Location: Slopes around kettle lakes one km east of Mammoth Hot Springs.
Oi 3 to 0 cm. Undecomposed grass and roots; smooth clear boundary.
A 0 to 100+ cm. Black (10 YR 2/1) sandy loam; 10% organic matter; pH 8.0.
28. Elymus cinereuslPoa pratensis c.t.
Plot number 153
Parent material: Alluvium.
Pedon classification: Mollic cryofluvent 
W ater status: Dry throughout summer.
Rooting depth: 20 cm.
Location: Gardner River flood plain, 6  km south of Mammoth Hot Springs.
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A 0 to 16 cm. Very dark grayish brown (10 YR 3/2) loam; friable; pH 7.8; temperature 17®C; clear
wavy boundary.
B 16 to 32 cm. Dark grayish brown (10 YR 4/2) loam; firm; pH 8.2.
C 32+ cm. Rocks.
29. Mesic Forb c.t.
Plot number 274
Parent material; Basalt talus.
Pedon classification: Typic Cryoboroll.
W ater status: Moist until July, then dry for the rest of summer.
Rooting depth: 13 cm.
Location: Narrow valley by petrified tree exhibit near Tower Junction.
o 4 to
A 0 to
C 38+
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